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U.S. EVERSEAL 


Protects against heat...water...chemicals 


against severe environments: Heat, cold, vibration, acids, gases (even in Note complete coverage 


U.S. EversEAL resin-encapsulated windings are completely protected 


high concentrations), lye, potash, ammonia, caustic soda, salt, abrasives, 274 protection provided 
‘ a . by molded end-turn 

carbon black, graphic dusts, and many other conditions that formerly construction. 

meant short motor life. In many applications, Eversea provides the pro- 

tection of totally-enclosed motors while still maintaining the higher service 

factor of open motors. U.S. Motors developed a way of molding without 

excessive thickness. Fully molded U.S. EversEaL complete encapsulation 

is available on any U.S. motor, 14 h.p. to 125 h.p. On higher horse- 

power motors, U.S. offers Everseau silicone rubber insulation. Request 

free Everseat literature. 


U.S. ELECTRICAL MOTORS INC. 


P.O. Box 2058 « Los Angeles 54, California or Milford, Connecticut 
Circle 201 on Page 19 


Bodine Motors Give You ADE (After Delivery Economies) 
Here’s another example 


“BODINE MOTORS easily meet 
our high standards for quality” 


says Mr. Joseph Konkel 
Chief Mechanical Engineer 
Anelex Corporation 
Boston, Massachusetts 


‘The reputation and reliability of our Anelex 
Print Station is due entirely to our insistence upon 
quality . . . a specification easily met by Bodine, 
and a requirement we'll not sacrifice at any cost. 
We've always used Bodine Motors. Their efh- 
ciency, among other characteristics, isoutstanding. 
And Bodine’s wide range of standard motors lets 
us select the proper motor for a particular operation 
without need for costly special modifications.” 


Workhorse of the electronic data processing industry is the 
Anelex high speed Print Station which translates com- 
puter language into usable form. It has set the industry 
standard for reliability and has been designed into the 
systems of nineteen major manufacturers of commercial 
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fractional (at horsepower 


MOTORS 


the power behind the leading products; 
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and scientific computers. In this Anelex model, two 
small Bodine capacitor motors drive paper feed and 
print roll mechanisms, a type KCI gearmotor operates 
the ribbon drive. 


Bodine motors actually cost less when you figure final-costs be- 
cause: (1) Closely-held tolerances and uniformity of Bodine motors 
minimize installation cost. (2) Reject rates are low. (3) Bodine 
motors almost never require field servicing. (4) High, consistent 
performance of Bodine motors helps your product earn customer 
satisfaction and repeat sales. Want more details? ... ask for 
Bulletin S-2A. 


Bodine Electric Co., 2508 West Bradley Place, Chicago 18, lilinois 


Circle 204 on Page 19 





New MIL-T-22520—-standardized tooling for time-saving, 4-indent installation of 


ONE on ONE MILLI 


Lightweight, easy-operating 
M10S hand tool takes four- 
indent die sets conforming to 
MIL-T-22520 to install many 
makes, sizes of contacts. Oppos- 
ing indentors crimp contacts 
without bending, facilitating 
their installation in high-density 
connectors. Die sets can include 
insulation grip closers. Long 
tool life—no die adjustment 
necessary—assures contact 
installation with consistent 
dependability. 


crimp-type connector contacts 


4 


High-speed, bench-sized Bandomatic machine is engineered for the same 
solderless crimp-type contacts as the M10S, but for production volume. 
Takes from 3,000 to 5,000 contacts on a flexible carrying strip...reels, 
dies easy to change. Three-way mounting: flat (easy for handling harnesses), 
at 45°, or intermediate angles. Streamlined surface prevents snagging or 
damage to harness or components. 


Either tool installs miniature HYFEN® and many other contacts for multi- 
conductor connectors. Four-indent crimping disperses pressure over greater 
area, so that all contacts, can be installed with standard dies. Dispersed 
crimping pressure permits each barrel size to take a wider range of con- 
ductor sizes. Crimp conforms to MIL-T-22520. 


for further information contact OMATON DIVISION 


NORWALK, CONNECT. BICC-BURNDY Ltd. Prescot, Lancs., England in Europe: Malines, Belgium TORONTO, CANADA 
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Front Cover: George Farnsworth 
seems to have gone western for this 
issue, but he’s really only illustrat- 
ing J. E. Hilsher’s article on wire- 
rope assemblies, Page 88. 
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News Report—Anticipated demand for electric power over the next decade is pushing 
the development of massive new high-voltage transmission equipment. 
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E. RAYMOND BROOKE—How to eliminate the crystal-ball approach and lay a firm 
foundation for project planning: Using charts and graphs to make accurate predictions. 


Er Te. 


J. E. HILSHER—Selecting wire rope from standard types; designing assemblies. 


Inserts in Light-Metal Castings. ............ QW 


RUSSELL H. GARNER—General design methods for casting shafts, bearings and sleeves, 
and various attachments into light-metal structures. 
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JAMES T. GWINN Jr.—Techniques and data for predicting effects of suddenly applied 
loads, and for designing efficient structural parts. 


Petroleum-Base Hydraulic Fluids............ 14 
RICHARD L. LESLIE—Characteristics of a widely used type of hydraulic fluid. 
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FERROUS J. RONALD WICKEY—Port 2: Circuit Functions of Control Devices—Choosing controls to 
get the proper performance from the motor and provide adequate protection. 


BOOK Planetary Gear Train Ratios... .....082.266 VG 


JOHN H. GLOVER—Data Sheet—Five key equations which yield train ratios directly; 
1961 Edition how to determine whether a train is reversing or nonreversing. 

A basic reference manual 

on ferrous metals being 


eniid cant Molded and Woven Friction Materials. ........ 128 
Watch for it. J. GEORGE OETZEL—Design Abstracts—Design variables involved in choosing dry-type 


friction materials such as those used in brakes and clutches 
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COLIN CARMICHAEL—Editorial 


Engineering News ......-. +--+ eee es 


Turbine-powered tractor ... Tractors in tandem 
Information retrieval ...... Topics 

Life tests for relays és Engineeers vs. scientists 
Solid-lubricated bearings .. 9000-F heat shield 
Space simulator : Robot weather station 


Trends ; 

Picture Report 

Industrial Design 

Meetings and Shows aa 
Short Courses and Symposia 


Scanning the Field for Ideas. ......... 


Clamping ring forms flush joint in circular shells—fingers provide five 
natural frequencies in potentiometer wiper—rotary pump moves powder 
—standby seals shut off fluid if primary seals fail—magnets support 
sheet in cut-off shear—wind-up increases tension in brace—orifice con- 
trols inlet valves of air compressor—lines permit flexing of welding 
torch—spring filter can be easily cleaned—fitting uses pressure to con- 
trol high-pressure fluids—motion multiplier permits quick adjustment of 
table stroke—cylindrical baffle permits instant adjustment of dyna- 
mometer—spring-loaded magnets provide signal in response to pressure. 
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Jukebox in a vacuum swaps masks by remote control—stamp dispenser 
counts on cam wheels—jig sets posts, stretches fence—gyro finds true 
north—synthetic sine wave sets vibration-meter reference. 


Tips and Techniques 


Interpolating—functions .... 96 Freehand 


Design Abstracts ......... 


New Parts and Materials... . . 
Engineering Department Equipment 
The Engineer’s Library . . 
Noteworthy Patents... . 
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speed reducer . . . pumps and motors .. . critical speeds of coupled 
machines . . . dc motor control . . . mechanical finishes. 
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YOU REDUCE COST 
WITHOUT SACRIFICING QUALITY 


when you specify B&W Lectrosonic J.1.C. Hydraulic Line Tubing 


J.1.C. Standards for hydraulic fluid line applications now permit 
the use of welded or seamless steel tubing on an equivalent basis. 
B&W Lectrosonic® welded carbon steel tubing meets all such J.1.C. 
Standards—and has been proved by 6 years of rugged B&W field 
testing. What’s more, B&W Lectrosonic tubing is produced under the 
most rigid quality control procedures in the industry. Tests are made 
before, during and after manufacture. The key phase: 100% ultra- 
sonic inspection of the weld in line production. The result: superior 
electric-resistance welded tubing that does the job of seamless while 
it maintains the low cost advantages of welded. 

See how B&W Lectrosonic tubing can meet your hydraulic line 
requirements. Just call your B&W District Sales Office or write for 
Bulletin T-435. The Babcock & Wilcox Company, Tubular Products 
Division, Beaver Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, rolled rings, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 





TA-1009-M 
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EDT 
ENGINEERING 
NEWS 


Turbine Engine, 


All-Oil Drive 


Paired in IH Dream Tractor 


Cuicaco—What may be an ideal 
tractor propulsion/drive system is 
incorporated in a new research trac- 
tor, the HT-340, developed by In- 
ternational Harvester Co. The sleek 
fiber-glass covered vehicle is pow- 
ered by a diminutive gas-turbine 
engine coupled to a_ hydrostatic 
transmission. 

While use of the all-oil drive is 
not new—IH engineers are using 
the same transmission they demon- 
strated in a conventionally powered 
tractor last year—its combination 
with a gas turbine is an innovation. 


Fuel tank 


Radial hydraulic motor 


_Turning brakes 


The turbine, built by an IH sub- 
sidiary, Solar Aircraft Corp., is a 
single-shaft, 80-hp unit. Its speed 
is reduced to 2000 rpm and held 
constant—variation of vehicle speed 
is provided by the transmission. 
With this set-up, the engine and 
transmission “complement each 
other perfectly,” according to IH 
engineers. 

Throttle, gear-shift lever, and 
brake and clutch pedals have been 
eliminated on the 340. Except for 
steering, the operator is concerned 
with only one control—the trans- 


Molded fiber-glass skin 
covers the stylish 340. 
Low, sloping hoodline, the 
result of mounting the fuel 
tank aft, improves oper- 
ator visibility. 


mission lever. It provides infinitely 
variable speed control in forward 
and reverse, and also takes care 
of braking. Response to transmis- 
sion control is said to be immediate 
and solid throughout its speed 
range, and the tractor reportedly 
has excellent torque characteristics. 
Maximum speed is 11 mph. 

IH engineers make no claims for 
the 340’s fuel consumption, stating 
that they are merely researching 
the turbine application. No heat 
exchangers or regenerators have 
been used on the engine. 


Originally designed for aircraft pro- 
pulsion, the 80-hp turbine used in IH's 
research tractor weighs 90 lb with re- 
duction gearing. It replaces a 450-lb, 
40-hp piston engine. Loss of front- 
end weight is compensated for by 
wheel weights (layout, left). 
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NEW = 4 
ELECTRICAL 


LINK FOR 
AUTOMATIG 
CONTROL 


Wilt 


New Veeder-Root high speed digital readout counter meets new needs in 
automation and system design. It’s precision engineered to record, display 
and electrically transmit accumulated digital levels. More than that, it’s 
a fresh approach to a widening range of automation needs... an ingenious 
electrical link for digital indication, data recording, storage and trans- 
mission, automatic sequencing, predetermining control. See what this ver- 
satile unit can do for your equipment or designs. Write Electrical Section, 
Veeder-Root Inc., Hartford 2, Connecticut. count on... VEEDER-ROOT 


Visit Booth (No. 3617-3619) 
Series 1744 High-Speed Digital Readout at the Wescon Show 
Counter saves time and labor by elimi- San Francisco Cow Paiace 
nating manual counting and recording August 22-25 
of production. It counts twice as fast, 
resets ten times as fast as previous units. 
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ENGINEERING NEWS 


Automatic Library Searches in Seconds 


San Jose, Cauir.—Any one of the 99-million typed 
and printed pages, photographs, engineering drawings, 
etc. stored in a new information-retrieval system can 
be reclaimed within five seconds. And even if two 
literature searchers want the same document at the 
same time, there is no danger of the information being 
lost or misfiled because it is never removed from 
storage. 

Developed by International Business Machines Corp. 
for the Central Intelligence Agency, the electronic sys- 
tem automatically locates and photographs tiny images 
of the sought-after documents, then transfers the pic- 
tures to cards for viewing or print out. Called Walnut, 
the machine is likened by IBM spokesmen to a dynamic 
library that is able to serve its users instantaneously: 
e The catalog, or index, is a magnetic file. As docu- 
ments are stored, control cards are punched to in- 
dicate their positions in the file. 
® “Shelves” are bins that are automatically loaded 
with “books” of photographic reproductions of docu- 
ments (reduced to about 1/1000th of their original 
size). Each bin contains 200 plastic cells of 50 film 
strips, and each strip is made up of 99-page images. 
One bin can hold what is roughly equivalent to about 
3000 average-size books. The complete system can 
contain more than 100 bins. 

A user starts his search for information by writing 
key search words on a form—words such as “com- 
puter,” or “creativity.” Punched paper tape made from 
the form is placed in the machine, and the magnetic 
index is searched electronically. A list of index entries 
corresponding to the documents found by the key 
words is printed and returned to the user. 

The user checks his choices on the list. Punched 
cards corresponding to the selected documents are 
pulled from a file of cards that was prepared when 
the document or abstract list was printed. From this 
file, pertinent data such as image location of the de- 
sired document and identification of the requestor are 


J 


When information contained in one of the 100 bins is called 
for, the bin swings into position, the film strip containing 
the needed image is brought before the lenses, and the 
document is photographed. Each bin of the new IBM in- 
formation-retrieval system contains 200 plastic cells loaded 
with film strips—about the same amount of ‘'pages"’ con- 
tained in 3000 average-size books. 


automatically punched in an aperture card contain- 
ing a blank-film insert. 

The unexposed aperture cards are inserted into the 
document file which reads the location from the 
punched holes and brings the film strip containing 
the document image into lens position. The card’s 
film insert is automatically exposed by ultra-violet light 
and developed immediately by a dry heat process in 
about one-half second for each operation. 

The card is then returned to the user, who may 
enlarge the images for printing or viewing. 


Relay Life Predicted By One-Cycle Testing 


Scuenectapy, N. Y.—Life of the 
contact points in an electrical relay 
can now be accurately predicted 
the first time they come together. 
And there is no visible sign of wear, 
even under a microscope. 

The new technique, developed by 
General Electric Co., involves detec- 
tion of tiny airborne particles by 
a device called a condensation- 
nuclei detector. Condensation nu- 
clei are very small, invisible, solid 
or liquid particles which may act 
as hard cores for the formation of 
water drops. Normally present in 
the atmosphere in large numbers, 
the nuclei are given off by electrical 
sparking and similar processes. 


8 


To measure condensation nuclei, 
GE engineers obtain an air sample, 
saturate it to 100 per cent relative 
humidity, then allow it to expand. 
Relative humidity immediately goes 
above 100 per cent, and water drop- 
lets condense out around the nuclei 
cores. The droplets are large 
enough to scatter a light beam di- 
rected into their midst, and the 
amount of scattering indicates con- 
centration of the nuclei (a measure 
of how much material has eroded 
from the contacts). 

While the life-test technique is 
still a new one, GE engineers have 
already used it to obtain new knowl- 
edge of the company’s products. 


Extensive tests on relays have led 
researchers up several new paths. 
They now feel the difference be- 
tween make and break operation is 
due to two factors: During make 
tests, smaller amounts of material 
are eroded and contact tips trap 
a portion of the nuclei liberated by 
the closing action. They also theo- 
rize that it is possible to detect the 
degree of contact bounce by the 
technique, and that the detector 
enables rapid evaluation of me- 
chanical changes in spring gradient 
and tip mass. In all cases, nuclei in- 
dications of relative contact wear 
have compared favorably with actual 
life-test results. 
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KS '; Years of Fluid Power 


Report No. 11,400 From Oilgear Application-Engineering Files 


HOW OILGEAR ELECTROHYDRAULIC SERVO-VALVE-CONTROLLED DRIVES AIM ASROC™ MISSILE 
LAUNCHERS IN RESPONSE TO LOW-POWER SIGNALS FROM SHIPBOARD DIGITAL COMPUTERS. 


*ASROC (Anti-Submarine ROCket) —the Navy's deadliest, integrated, anti- 
submarine weapons system — consists of 4 major parts: an underwater sonar 
detection device; an electronic, digital, firecontrol (aiming) computer; a 
“pepper-box" type, 8-missile launcher; and ASROC missiles. Within seconds 
after sonar detection of a hostile submarine, the computer charts its course, 
speed, and range — correlated with the ASROC-equipped ship's course, speed, 
and roll. The resultant computer signals command the launcher to traverse and 
elevate instantly to accurate ‘aim position, and continue to “‘track’’ from 
subsequent computer command signals. The ship commander merely pushes a 
button to fire either rocket-propelled, homing torpedos or depth charges. 


PROBLEM: Power and control for both the traverse and 
elevation drive systems to “aim” ASROC missile launch- 
ers in response to direct, low-power, electrical command 


Official Photos — U.S. Navy. Actual launcher performance data is classified information. 


ABOVE: ASROC missile launcher being checked at U.S. aval Ordnance Plant, York, 
Pennsylvania. Arrows indicate traverse (A) and elevation (B) Power-Paks. INSET: ASROC 
launcher ready to fire aboard U.S.S. Norfolk. Each of the 8 cells serve as missile 
stowage magazines and launchers — all traverse as a unit... each over/under pair of 
cells elevate individually. 360° launcher traverse is possible, but a quadrant is blocked 
to protect ship's superstructure. Missiles weigh about 1,000 Ibs., are about 15 ft long. 
Launcher base sketch, right, approximates position of Oilgear Drives. 


SOLUTION: With Oilgear’s experience in meeting the 
speed, control, and precise turret and gun performance 
requirements for U.S. Army tanks, howitzers, and anti- 
aircraft guns — this missile launcher application was a 
“natural” for Oilgear ANY-SPEED Drives — and the 
alert, accurate response of Oilgear’s Electrohydraulic 
Servo-Valve-Controlled, Two-Way, Variable Displace- 
ment Pumps. Amplified signals up to 5-watts actuate 
drive controls. Cushioned, full-speed drive reversal. These 
small, rugged, Oilgear AN/-SPEED Pump and Motor 
Drives easily convert output from constant speed elec- 
tric motors into the exact, required traverse and elevation 
speeds, direction, and torque . . . even under high overload 
conditions. An automatic feedback control compensates 
for load, voltage, or viscosity changes to accurately main- 
tain computer-selected speeds. Torque transmitted auto- 
matically increases or decreases to a point just sufficient 
to overcome resistance. There’s no “wire-drawing,” or 
bypassing of fluid to generate heat or waste power. Both 
systems are totally enclosed, automatically protected 
against overload, pressure and flood lubricated to assure 
long, dependable, maintenance-free, service life. 


signals from a digital firecontrol computer. 


REQUIREMENTS: 1. High traverse and elevation speeds 
in either direction, with shockless reversal, to bring 
launcher “on target” — rapidly. 2. Fast, accurate con- 
trol response for high-speed “homing.” 3. Precisely 
controlled, low variable speeds for “tracking.” 4. Entire 
drive and control systems to occupy a minimum of space 
within the launcher base. 5. Dependability — “‘no time- 
out permitted” — a rigid requirement for fleet use. 
6. Unitized assemblies preferred, to facilitate installa- 
tion and replacement. 


spusfute APeticaton-Engineered Servo-Controlled 


Drive Systems for Missile Launchers 





Oilgear engineering and equipment has solved innumer- 
able “problem drives.” Users of Oilgear ANY-SPEED 
Drive and Control Systems in the paper, marine, food, 
chemical, pharmaceutical, primary metals, metalworking, 
textile, rubber, and other industries — as well as the 
military ... agree that — “for the lowest-cost-per-year . . . 
it’s OILGEAR! 


For practical solutions to YOUR rotary or linear drive and 
control problems, call the factory-trained Oilgear Application- 
Engineer in your vicinity. Or write,.stating your specific re- 
quirements, directly to... 


THE OILGEAR COMPANY 
Application-Engineered Fluid Power Systems 


1568 WEST PIERCE STREET © MILWAUKEE 4, WISCONSIN 
Phone: Mitchell 5-6715 . . . Direct Distance Dialing Code — 414 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





ENGINEERING NEWS 





Navy Reports New Successes With Dry-Film Lubrication 


PHILADELPHIA — By adding tiny 
reservoirs in new areas, engineers 
at the Naval Air Material Center 
have increased ball-bearing _ life 
from 70 to 310 hours when the 
bearings operate at 10,000 rpm, 750 
F. This latest life data is almost 
450 per cent greater than that pre- 
viously reported (MD, September Retainer bali pocket section 
1, 1960, p. 12), and that figure was 
400 times larger than what was ob- 
tained with unmodified bearings. 
The reservoirs act as pockets that 
hold a reserve supply of lubricant. 4 
Recently, they were added in the »//>4 } es 2 
shoulder of the inner ring. Earlier, Reservoirs 
they had been positioned only 
around the inner periphery of the 
retainer and in ball pockets. Geom- 
etry and dimensions of the reser- . id fi Solid film 
voirs greatly affect performance 
life, and the NAMC researchers 
have now finished working out res- 
ervoir-location details for the re- 
tainer. 
Experiments on the inner ring 
are just starting. According to 
principal researcher M. J. Devine, 
“since initial studies have resulted 
in substantial gains, we feel addi- 
tional studies will lead to even Different types of reservoir modifications were attempted in the ball sockets 
greater life increases.” and inner periphery of the retainer. Holes, cone-shaped grooves, lattices, etc. 
all proved workable under some conditions. 


Reservoirs © 


Retainer inner periphery section 


Space Simulator Furnishes ‘Real’ Sunlight 





RocuesterR, N. Y.—Environmental space chamber soon to 
go up at California Institute of Technology’s Jet Propulsion 
Laboratories will test space-craft designs in a realistic at- 
mosphere. Designed by Consolidated Vacuum Corp., sub- at 
sidiary of Bell and Howell Co., it will have a lighting sys- romataye ne Hyperbolic 
tem that duplicates all the rays of the sun and an at- / mirror 
mosphere that is an almost perfect vacuum. In addition, na 
walls of the chamber won’t emit heat or reflect energy ye | — 34t diam lens 
radiated by the space craft under test. 

Light will be supplied by 150 mercury-xenon lamps, 
each having a 16-in. reflector. Designed for CVC by 
Bausch & Lomb Inc., the system includes lenses and mirrors 
which will direct almost parallel beams of light at the space 
craft. Intensity of the light can be varied from that en- 
countered by a Venus probe to what would be experienced | -315°F by liquid 
going around Mars. nitrogen 

The vacuum is maintained by a three-stage pumping 
system that includes seven giant compressors, vacuum blow- 
ers, and oil-diffusion pumps. The chamber will simulate 
conditions that exist about 250 miles above the earth. 

An aluminum shroud consisting of 200 black plates Pm a 
makes up the walls. The plates, cooled to —315 F by liquid pumps 
nitrogen, will absorb 99 per cent of the heat radiated by 
the space craft. 











Special mirror 
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great space saver 


FOR DESIGN VERSATILITY 


Compare! Any way you look at it, a Shafer-Rex 
Roller Bearing unit is a space-saver. That's 
why it fits so easily into your plans. Original 
Shafer-Rex design is the reason. It allows a 
compact, sturdy, one-piece housing because 
it takes misalignment internally—inner race 
to rollers. 

It's easier to install, too, for it’s delivered 
completely assembled, adjusted, lubricated 
and sealed—saving installation time, assuring 
proper adjustment and dirt-free lubrication. 

Shafer-Rex Roller Bearing units meet all the 
critical requirements for longest bearing life. 
They help your equipment survive even those 
unexpected conditions that so often cut bear- 
ing life short; for example: severe overloads, 
shock loads, thrust loads, combined loads, 
and changing misalignment. 


With Shafer-Rex you select from the indus- 
try's most complete line of mounted roller 
bearings and seals. 


For full information, write CHAIN Belt Com- 
pany, 4643 W. Greenfield Ave., Milwaukee 1, 
Wis. In Canada: Rex Chainbelt (Canada) Ltd., 
Toronto and Montreal. 


SELF-ALIGNING 
ROLLER BEARINGS 


Circle 209 on Page 19 





ENGINEERING NEWS 


Two standard tractors can now hook together to become a four-wheel-drive 
vehicle with plenty of power for any farm job. Developed by Tractor and 
Implement Div., Ford Motor Co., the tandem tractor requires only a conversion 
kit (parts in upper photo), a Ford 6000 tractor, and any other standard tractor 
that the farmer can borrow. One man can make the change-over in less that 
90 min. By outfitting the rear tractor first, he can add the front one in 30 
min. Ford claims that although tandem-tractor systems are not new, the com- 
pany's power-shift transmission simplifies the operating controls and attaching 


devices 


The conversion kit consists of a pull bar, drawbar implements, steer- 


ing and cable linkages, control handles, and foot pedals. 


Four Refractories Enter the Stock Room 


Koxomo, Inp.—Wrought forms of 
columbium, vanadium, and two 
columbium alloys can now be sup- 
plied by Haynes Stellite Co., divi- 
sion of Union Carbide Corp., as 
off-the-shelf items. Produced as rod, 
bar, wire, strip, sheet, and plate, 
the newer metals will join wrought 
tantalum and hot-pressed tungsten 
as standard materials to be turned 
out at a specialized production fa- 
cility recently completed. 

According to HSC spokesmen, the 
establishment of the new facility 
should result in the reactive metals 
coming out of the laboratory-curi- 
osity stage. New equipment, includ- 
ing a 300-kw electron-beam melt- 
ing furnace that has just started 
shakedown service, gives the com- 
pany all the tools necessary for pro- 
duction of the metals in forms that 
qualify them for immediate use in 
existing markets. Haynes Stellite, 
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engaged in a long-range research 
program on the refractory metals, 
reviews their current status this way: 
¢ Columbium and its alloys show 
promise in applications where tem- 
peratures encountered would seri- 
ously weaken or melt existing high- 
temperature alloys. They are also 
attractive in nuclear applications. 
e Tantalum is an excellent material 
for corrosion service because it is 
practically inert to common corro- 
sive media. 
¢ Vanadium mill products appear 
promising in the atomic-energy field. 
¢ Tungsten already has a well-de- 
fined market in the rocket and mis- 
sile field as a nozzle material. 
Hot-pressed shapes of tungsten al- 
loys, tungsten carbide, tantalum 
carbide, and hafnium carbide are 
now being studied in the laboratory 
and applications should develop, ac- 
cording to HSC spokesmen. 





Topics 


Carrying half crowns to Newcastle 
will allow British housewives to come 
back with bags of household coal. The 
National Coal Board of Great Britain 
is installing vending machines through- 
out the country which will dispense a 
21-lb bag of coal for a half crown, 
or about 35 cents. The machines will 
also make change. 


A safe driver is the aim of an ex- 
perimental seat-belt reminder developed 
by Chrysler Corp. Indicative of a 
trend toward greater acceptance of 
seat belts (attachments will be in all 
1962 cars), the system has wiring from 
the belt to a red light on the in- 
strument panel. This light flashes un- 
til the belt is fastened, breaking the 
circuit. 


Bugs in a fog produced by a new 
portable electric debugger never come 
out of it. The BVI Insect Fogger, 
made by Burgess Vibrocrafters Inc., 
Grayslake, Ill., produces 2000 cu ft of 
fog from one ounce of liquid insecticide 
in 30 seconds. The hand-held fogger 
holds a quart of liquid. When its trig- 
ger is pulled, a built-in electric pump 
forces insecticide through an atomizing 
nozzle, and the nozzle feeds the 
atomized liquid into a heated cham- 
ber. Here it vaporizes, issuing from 
the end of the barrel as a thick fog, 
the effects of which last for several 
hours. Treated areas can be occupied 
immediately by nonbugs. 


Esthetic clectronics: A computer, fed 
mathematical formulae, has generated 
the musical notes for a composition 
called “Algorithme I.” The music was 
“written” to accompany a film made 
by a French petroleum trade associa- 
tion. 


Traveling around the world in a 
space vehicle is too expensive for most 
tourists, according to prices estimated 
by R. C. Truax, Director of Advanced 
Development at the Liquid Rocket 
Plant of Aerojet-General Corp. A 
ticket to orbit the earth would run 
the average American male between 
$150,000 and $450,000—a price range 
determined by the current cost of $1000 
to $3000 to put one pound in orbit. 
This high cost, says Mr. Traux, is 
due to the fact that space vehicles are 
used only once. Similarly, if an air- 
liner were used on one cross-country 
trip, the fare for each passenger would 


be around $30,000. 


MacuineE DesIcn 





TORRINGTON 























WHATEVER THE DUTY...TORRINGTON HAS A BEARING FOR IT 


Take these two bearings: 

The unique Torrington Drawn Cup Roller Bearing opens 
new design possibilities in alternators, power-tool motors, 
electric mixers, vacuum cleaners and a host of similar prod- 
ucts. It is so light, compact and efficient that designers have 
more flexibility than ever before. Yet the Drawn Cup Roller 
Bearing costs less than any other anti-friction bearing of 
comparable performance. In many cases, armature bearing 
costs have been reduced as much as 50%. 

The Torrington Heavy Duty Roller Bearing is ready when 
the going is tougher. Controlled Contour rollers insure uni- 


progress through precision 


THE TORRINGTON COMPANY 
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form loading and prevent stress concentration at the roller 
ends. A patented flange-riding retainer insures positive 
roller guidance and provides ample lubricant storage area. 
Torrington Heavy Duty Roller Bearings have proved highly 
successful in two-cycle engines, hydraulic pumps, oil-field 
equipment and transmission systems. 


These are just two examples of Torrington’s outstanding 
capability in bearing design and manufacture. Remember 
that Torrington makes every basic type of anti-friction 
bearing...can supply the bearing that’s exactly right for 
your application. Don’t hesitate to call us for advice. 


TORRINGTON BEARINGS 


Torrington, Connecticut + South Bend 21, Indiana 
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Heat Shield for 9000 F 


WarterrorpD, N. Y.—Lab tests on recently developed 
silicones suggest the new rubbers will operate ef- 
fectively in space environments that would destroy 
other materials. According to General Electric’s Sili- 
cone Products Dept., when the newer silicones are 
used as heat shields and seals, they can resist tem- 
peratures up to 9000 F for short times. And silicone 
lubricants and hydraulic fluids can withstand the 
full evaporative conditions of space, remain unaf- 
fected in the best vacuums obtainable, and operate 
over a wide temperature span—experimental fluids 
are stable from — 140 to 700 F. 

Already used as potting compounds—an egg in- 
side a solid ball of clear silicones is so well cushioned 
that it can be dribbled like a basketball (upper 
right)—-silicones are superior heat and electrical 
insulators. After being heated to 9000F and held 
at that temperature for 6 min, a '/) in. thick sample 
of ‘silicone rubber (upper left) has a hard carbonace- 
ous surface crust, but 70 per cent of the rubber is 
unaffected. A 1/3 in. thick sheet easily protects a 
man’s hand from the 5000-F flame of an oxy- 
acetylene torch (lower right). After 60 sec, the 
back-side temperature of the sheet had only reached 
100 F. Back-side temperatures of a sheet heated for 
6 min at 9000 F never went higher than 450 F. 


Overemphasis on Science Called Threat to Engineering 


THE pendulum threatens to swing between science and technology. of electric energy was adequately 


too far . . . for a long time, basic 
scientific research was de-empha- 
sized, but now we appear to be in 
danger of overcorrection. So said 
Philip Sporn, president, American 
Electric Power Co., New York, in 
an address delivered recently at a 
special convocation of Technion, 
Israel Institute of Technology, Here 
are some of the points Mr. Sporn 
made. 

The idea has become widespread 
that we must look almost exclusive- 
ly to science if society is to con- 
tinue to progress—that engineering 
is a minor detail to be easily re- 
solved once the scientist has com- 
pleted his work. The fact is, how- 
ever, that there has been no revolu- 
tionary change in the relationship 
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Both are important and each derives 
expanded scope, meaning, and sig- 
nificance from the other. 


How to Bungle the Atom 

Early in the development of nu- 
clear-fission principles, many sci- 
entists recognized that the major 
peace-time application was going 
to be electric-power generation. 
After the war, the scientists initiated 
these efforts, and all through the 
early post-war period their view- 
points dominated. 

The result was a misdirection of 
effort and an induction of false 
hopes because of the failure to ap- 
preciate the problems of techno- 
logical development. While the sci- 
entific basis for nuclear generation 


known, the difficulties to be over- 
come in the engineering implemen- 
tation of the principles were over- 
looked. 

In particular, the engineering eco- 
nomic factors were not properly 
evaluated, and it was not adequately 
understood that conventional fuel 
technology was in a state of rapid 
improvement—it presented a mov- 
ing target, so to speak. Even more, 
there was a failure to recognize that 
nuclear-power progress could best be 
obtained by building upon existing 
highly advanced power technology. 

Some, not all, of these errors have 
now been rectified. But the hope 
for an early breakthrough has been 
abandoned. Much time was lost 
before it was recognized from which 
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partner of the science-technology 
team the real contribution was 


needed. 


Time for a New Look 

Despite, perhaps even because of, 
the close bond between science and 
technology, a serious misunder- 
standing has sprung up about the 
roles of the two disciplines. Because 
the misunderstanding exists at al- 
most all levels of society, it has had 
an important impact on education, 
and it could have a severe adverse 
effect on the nation’s ability to cope 
with future problems. 

Glorification of the scientist, ac- 

companied by subtle downgrading 
of the engineer, has caused a great 
deal of damage. Even such a dis- 
tinguished analyst of scientists and 
science as Sir Charles P. Snow 
ascribes exclusive possession of 
powers and skills to scientists: 
® Scientists should be active in all 
levels of the government because 
they are trained in foresight. 
© Scientists have it within them to 
know what a future-directed society 
feels like, 
e Scientists have been, in certain 
respects, just perceptibly more mor- 
ally admirable than most other 
groups of intelligent men. 

Laymen, students, educators, 
counselors, and even scientists them- 
selves are claiming more for science 
than it can achieve alone. When 
the scholarly president of one of 
our great universities said “science 
today has the magnificent power 
of creating conditions that will al- 
low man to master the universe in 
such a way that human dignity can 
rise above the miserable conditions 
that reduce man to little better 
than an animal,” he was being 
fashionable but not practical. 


Confusion in the Colleges 

Confusion over the distinction 
between science and technology and 
shining pictures of the scientist 
have teamed up to derogate engi- 
neering in recent’ years, and have 
affected the careers chosen by a 
significant proportion of our high- 
school population. Enrollment in 
engineering curriculums is down, 
with an accompanying rise in en- 
rollment for scientific training. 
Based on misconceptions, the swing 
is cause for concern. If it continues, 
our rapid rate of technological de- 
velopment may be impaired. 
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FLEXIBLE 


the secret of Ford’s swing-away wheel 


The secret of the new swing-away steering wheel in the Ford 
Thunderbird is a flexible shaft between the stub shaft in the 
steering gear box and the upper steering rod. 


Here are the benefits derived from flexible shafts: 
1. Safety. Safety against failures is provided. 


2. Durability. Flexible shafts eliminate the possibility of 
play or lost motion at this juncture for the life of the car. 
3. Compact. The flexible shaft is more compact than con- 
ventional joints. 

4. Strength. In case of power steering failure, the maxi- 
mum torque would be 660 pound-inches, which would occur 
during parking on dry pavement. The flexible shaft can 
absorb this and much more. 

Here is another example of creative engineering with 
flexible shafts. Investigate for yourself how they can solve 
many of your design problems and at the same time 

reduce costs. 


S. S. WHITE INDUSTRIAL DIVISION, 
DEPT. 4 10 East 40th Street, N. Y. 17, N. Y. 


THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition...Send for your free copy! 


kMhetc 


FIRST NAME 
IN FLEXIBLE SHAFTS 
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COLD 
(oe) a LO} ee 
Spherical 

Within 
0.000020” 


Tolerances up to 0.000020” can be obtained on Coors high alumina spherically 
ground balls. Tolerances remain constant at cryogenic, room or elevated tem- 
peratures, because the material is dimensionally stable over a wide temperature 
range. Applications for Coors spherically ground balls include bearings, gauges 
and check valves. Coors high alumina ceramics are hard (Rockwell 45N 75-81) and 
extremely wear resistant—over 240,000 psi to over 350,000 psi compressive 
strength—completely homogeneous—chemically inert—non-magnetic—less than 
half the weight of steel, less than one-fourth the weight of tungsten carbide. 
Spherically ground balls, spherical within 0.0001”, are kept in stock covering a 
wide range of sizes. Write for Data Sheet No. 5004. Regional Sales Managers: 
West Coast, William S. Smith, Jr., EM 6-8129, Redwood City, Calif.; Miowest, John E. Marozeck, FR 2-7100, 
Chicago, Ill.; CENTRAL, Donald Dobbins, GL 4-9638, Canton, Ohio; East Coast, John J. McManus, MA 7-3996, 
Manhasset, N. Y.; New ENGLAND, Warren G. McDonald, FR 4-0663, Schenectady, N. Y.; SouTHWEsT, Kenneth 
R. Lundy, DA 7-5716, Dallas, Texas; Oi Fietp Inpustry, William H. Ramsey, UN 4-6369, Houston, Texas. 


ALUMINA CERAMICS 


Circle 212 on Page 19 Coors Porcelain Company 
600 NINTH STREET e GOLDEN, COLORADO 
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HELPFUL LITERATURE 


Electrical, Electronic 


402 Circuit Breakers, Safety Switches. 32 pp. Stand- 
ard Control Div., Westinghouse Electric Corp. 


41 — Transformers. 8 pp. Superior Electric 
°. 


416 Selenium Photovoltaic Cells. 6 pp. Weston In- 
struments Div., Daystrom Inc. 


1! Induction Motors. 6 pp. Genera! Electric 
0. 

Pilot Lights. 24 pp. Dialight Corp. 

Electrical Contacts. 10 pp. Tricon Mfg. Co. 


Controlled-Speed Systems. 8 pp. U. S. Elec- 
trical Motors Inc. 


ge Capacitors. 16 pp. Gulton Industries 
nc. 


Wire-Wound Resistors.* Technical Data on 
Davohm and Super Davohm resistors. 20 pp. 
Daven Co. 


Linear Accelerometers.* Data on two sub- 
miniature units; basic occelerometer princi- 
ples. 4 pp. Fairchild Controls Corp. 


Audio Transistors.* For general-purpose uses 
in the AF range. Form DS 4009, 4 pp. 
Motorola Semiconductor Preducts Inc. 


Plugs and Jacks.* For quick patchwork on 
panelboards; 35 a covered. Catalog 70, 
16 pp. Cambridge Thermionic Corp. 


Standard Switches.* Pushbutton, lever, and 
turn switches. 4 pp. Donald P. Mossman inc. 


Waveguide Flanges.* Data on both single and 
dual types. Catalog FA-61-1, 16 pp. Micro- 
wave Development Laboratories Inc. 


Variable-Speed Drives.* Servospeed drives in 
many sizes and types are described. 16 pp. 
Electro Devices !nc. 


Magnetic Counter.* Series 1591 high-speed 
unit for remote indication. 4 pp. Veeder-Root 
Inc. 


Electronic Cooling Fan.* Series 60 Axivane fan 
gives high performance. Bulletin J-621, 8 pp. 
Joy Mfg. Co. 


Digital Transducers.* Are furnished in self- 
contained, solid-state packages. 12 pp. Elec- 
tronics Div., DeJur-Amsco Corp. 


¥ e 
Hydraulic, Pneumatic 
401 Hydraulic Equipment. 20 pp. Century Hydraulics, 
Div., Century-Detroit. 
404 Butterfly Valves. 4 pp. Henry Pratt Co. 


410 Air-Hydreglic Cylinders. 32 pp. Miller Fluid 
Power Div., Flick-Reedy Corp. 


413 Molded Cups. 4 pp. Gorlock Inc. 
421 Fluid-Flow Regulators. 4 pp. Lee Co. 
430 Ball Valves. 16 pp. Hydromatics Inc. 


433 Motor-Pump Units. 4 pp. Moyno Pump Div., 
Robbins & Myers Inc. 


483 Pressure Regulator.* In ductile iron or bronze, 
Y%, ¥, V2 and %-in. units. Catalog J160-1, 
8 pp. OPW-Jordan. 
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Temperature Regulators.* In self or pilot- 
operated models from % through 6-in. sizes. 
Catalog TCV-1, 8 pp. OPW-Jordan. 


Servo Valve.* Series SC4 single-stage unit for 
electrohydraulic servo systems. Bulletin 61-79, 
2 pp. Vickers Inc., Div., Sperry Rand Corp. 


Flexible Metal Hose.* Selection and installation 
data. Catalog 600, 32 pp. Atlantic Metal Hose 
Co. 


Cradle-Mounted Pumps.“ In three models cov- 
ering V4 through 50-hp sizes. Form 70288, 4 
pp. Ingersoll-Rand Co. 


Leakproof Pumps.* Design, operation, and se- 
lection of seamless units. Bulletin 1100-1, 4 
pp. Chempump Div., Fostoria Corp. 


V-Band Couplings.* Tells how, when, why to 
use V-band couplings. Bulletin WB-1, 8 pp. 
Marman Div., Aeroquip Corp. 


Small Pumps.* Have capacities to 3000 gph 
and pressures to 350 psig. Bulletin 150.6, 4 
pp. Moyno Pump Div., Robbins & Myers Inc. 


Lubrication Equipment.* Operates by automat- 
ic, semiautomatic, and manual means. Cato- 
log 82, 32 pp. Lincoln Engineering Co. 
Motor-Operated Valves.* Two and three-way 
vaives for use in fan-coil units. Bulletin 210, 
6 pp. Erie Mfg. Co. 


Mechanical Equipment 


409 Flexible Couplings. 4 pp. Acme Chain Corp. 
422 Flexible Couplings. 24 pp. Dodge Mfg. Corp. 
427 Self-Sealing Couplings. 20 pp. Aeroquip Corp. 


493 Worm-Gear Jacks.* For leveling, adjusting, and 
os machinery. 24 pp. Joyce-Cridland 
0. 


494 Speed Reducers.* Horizontal and vertical spiral- 
— units. Bulletin J-25, 34 pp. Hewitt- 
Robins. 


495 Flexible Belting.* Oriented nylon-polymer core 
belting; charts for belt width and tension. 
12 pp. Extremultus Inc. 

496 Flexural Pivot.* Has no backlash ond requires 
no lubrication. Publication OOU-6-613A, 4 pp. 
Utica Div., Bendix Corp. 

497 One-Piece Pulleys.* Steel Curve-Crown pulleys 
have spun-end construction. Bulletin 1160, 
pp. Stephens-Adamson Mfg. Co. 


Assembly Components 


405 Spring Pins. 8 pp. Standard Pressed Stee! Co. 


412 Locking Devices. 12 pp. Corbin Cabinet Lock 
Div., American Hardware Corp. 


419 Inserts and Studs. 28 pp. Newton Insert Co. 


498 Precision Springs.* Features, illustrations of 
many types of springs; detailed design formu- 
las. 16 pp. Timms Spring Co. 


499 Self-Aligning Lock Nut.* SA-16 nut compen- 
sates for Laat > ge ae conditions up to 
: des. Form 2724, 6 pp. Standord Pressed 
teel Co. 


500 Sealing Washer.* USL Bartite washer is for 
permanent use. 1 p. Bartite Products Div., 
L. J. Barwood Mfg. Co. Inc. 


501 Wheels and Casters.* Red-Tred wheels and 
casters have long-lasting tread. 2 pp. Sagi- 
naw Products Corp. 


502 Machine Mounts.* Wedgmount, Jacmount, and 
Air-Loc machinery mounting pads. Catalog 4011, 
4 pp. Ciork-Cutler-McDermott Co. 


Manufacturing Processes, Parts 


503 Centrifugal Castings.* Advantages listed, proc- 
esses explained; materials used are described. 
16 pp. Janney Cylinder Co. 


504 Vacuum Metallizing.* Coatings systems which 
can be applied me dipping or flow 
coating ore described. 4 pp. Bee Chemical Co. 


Materials 


407 Pressure-Sensitive Tapes. 44 pp. Industrial Div., 
Mystik Adhesive Products inc. 


414 Tungsten Alloy. 8 pp. Kennametol Inc. 


417 Polypropylene Plastic. 7 pp. Plastics Div., East- 
mon Chemical Products Inc. 


Rubber Sheet Packing. 4 pp. Packing Materials 
Div., Johns-Manville. 


Stainless Steels. 32 pp. Republic Steel Corp. 
Plastic Tubings. 4 pp. L. Frank Markel & Sons. 


Polysulfide Liquid Polymers. 8 pp. Thiokol 
Chemical Corp. 


Epoxy Pellet Adhesives.* E-Form pellet use is 
fully described. Bulletin 6, 4 pp. Epoxy Prod- 
ucts Inc., Div., Joseph Woldman & Sons. 


Thermocouple Material.* Processes used to 
moke Tempok material ore described; specifi- 
— given. Catalog 2550, 8 pp. Temptron 
nc. 


Designing with Steel.* Four papers discuss de- 
signs in constructional steels; applications in 
other fields. 60 pp. U. S. Steel Corp. 


Bearing Material.* Covers Bronze Case for 
guide rods and piston rods. 2 pp. Thomson 
Industries Inc. 


Electrical Insulation Silicones.* Data, examples 
of silicones in use in electrical, electronic ap- 
plications. CDS-288, 8 pp. Silicone Products 
Dept., General Electric Co. 


Beryllium-Copper Strip.* Brush 190 has tensile 
strength to 190,000 psi; properties for each of 
six tempers. 4 pp. Brush Beryllium Co. 


Coated Strip Steels.* Covers Galvanite, Bright 
Zinc, special alloy coat, electrogalvanized, and 
— and printed steel. 12 pp. Sharon Steel 
orp. 


Copper-Clad Laminates.* Seven grades of 
Micarta copper-clad laminate are compared 
in physical, electrical properties. Brochure 
B8215, 8 pp. Micarta Div., Westinghouse Elec- 
tric Corp. 


Asbestos Parts.* Packings, gaskets, textiles, 
friction materials for aviation, missiles, space- 
— i? Catalog PK-162A, 28 pp. Johns-Man- 
ville oO. 
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514 Vulcanized Fiber.* Full dato on sheets, tubes, 
rods. & pp. Wilmington Fibre Speciality Co. 


Engineering Dept. Equipment 
403 —'ee Systems. 12 pp. W. C. Dillon & Co. 
ne 


406 - “epmenen and Controls. 4 pp. Bailey Meter 
0. 


NEW PARTS. MATERIALS; 


Electrical, Electronic 


434 Synchronous motor eliminotes coasting and 
slipping. A. W. Haydon Co. 


438 Retractile coiled cords in wide choice of colors 
and styles. Miller Electric Co. 


Microminiature feedthrough permits over-all 
reach of 1.500 in. in tightly packed electronic 
assemblies. Seolectro Corp. 


Silicon switching transistor has over-all switch- 
ing time of 47 mnanosec. Motorola Semi- 
conductor Products Inc. 


Terminal blocks in three styles are wire-wrap 
type. Electronics Div., DeJur-Amsco Corp. 


agetenns switch requires less than 1 cu in. 
of behind-ponel space. Micro Switch Div., 
Minneapolis-Honeywell Regulator Co. 


Logic switch-light incorporotes replaceable, 
plug-in lamp ond resistor unit. Eldema Corp. 


Synchronous motor has 1000 oz-in. torque 
rating. Superior Electric Co. 


Silicon-controlied rectifiers in stud pockage 
ore 25-amp units. Semiconductor-Components 
Div., Texas Instruments Inc. 


Hydraulic, Pneumatic 


437 One-piece nozzles cover copacities of 2 to 8 
gpm at 40 psi. Bete Fog Nozzie inc. 


439 Miniature static seal for temperatures from 
—450 to +2000 F. Haskell Seals Div., Haskell 
Engineering & Supply Co. 


441 Solid-film iubricant combines corrosion re- 
sistance and lubrication. Electrofilm inc. 


445 Plastic valve seat incorporates flanged-metol 
bushing. Robbins Aviation Inc. 


448 Axial-flow heating fan incorporates integral 


EDITORIAL ARTICLES 


408 Formulas Folder. 10 pp. Endevco Corp. 

415 Transfer Films. 4 pp. Ampto inc. 

424 = Instruments. 28 pp. Gardner Laboratory 
ne. 

515 Direct-Recording Camera.* C-12 camera provides 
undistorted viewing of oscilloscope traces. 
Pamphlet A-2060, 4 pp. Tektronix Inc. 

516 Strain Gages.* Series DB units produce high 
output and resolution. Bulletin K-102, 4 pp. 
Kulite-Bytrex Corp. 

517 Pointer-indicator.* Type 110 SR-4 unit is for 
strain-gage transducer systems. Bulletin 4411, 
6 pp. Electronics & Instrumentation Div., 
Baldwin-Lima-Hamilton Corp. 
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heating element. Pesco Products Div., Borg- 
Warner Corp. 


Urethane seals and packings for use in tem- 
peratures from —40 to +225F. Disogria 
industries, Div., Pellon Corp. 


Check valves have opening pressure of 2 psi. 
Bodnar & McDermott Mfg. Co. Inc. 


Cryogenic metal seal is furnished in sizes from 
1 to 20 in. Rocketdyne Div., North American 
Aviation Inc. 


Relief valves have 15 to 200-psi settings. 
Mansfield Sanitary Inc. 


Pneumatic, hydraulic cylinders in 11 bore 
sizes from 12 through 14 in. S-P Mfg. Corp. 


Mechanical Equipment 


440 Ball bearings have ODs from 1 to 4% in. 
Saginaw Products Corp. 


442 Slow-speed drive has high shock copacity 
under vibration. Barden Corp. 


449 Gear motors in fixed and adaptable-base types. 
Foote Bros. Gear & Machine Corp. 


455 Bronze-coated rods for linear applications ore 
rustproof. Thomson Industries Inc. 


457 Adjustable-speed drive can be installed at 
floor, wall, ceiling. Lewellen Mfg. Co. 


Assembly Components 


435 Bearing retainer nut eliminates the use of 
tabbed washers and milled keyways. Nylok 
Corp. 

436 Panel handles ore offset at 45-deg angles 
when mounted. Cambridge Thermionic Corp. 


446 Screw-thread inserts are now available in five 


Descriptions start on Page 140. 


miniature sizes. Heli-Coil Corp. 


451 Washer-base wing nut is available in five 
thread sizes. Gries Reproducer Corp. 


460 Transistor clip for TO-23 case size. Atlas Div., 
Atlee Corp. 


464 Standard, special fasteners are available in 
aluminum, stainless steel, and silicon bronze. 
Russell, Burdsall & Ward Bolt & Nut Co. 


Materials 


444 Thermosetting film adhesive for metal-to-metal 
bonding can be cured at low pressures. Ad- 
hesives, Coatings, & Sealers Div., Minnesota 
Mining & Mfg. Co. 


450 Potting foam has density of 10 to 12 Ib per 
cu ft. Freeman Chemical Corp. 


461 Paper-base laminate for printed circuits has 
high flame resistance. National Vulcanized 
Fibre Co. 
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467 Drawing table-desk is adjustable from 30 to 
46-in. height. D-H Associates. 


468 Silicon strain gages for temperature from 
—320 to +650F. Micro Systems Inc. 


469 Rubber-stamp kit contains three graph pot- 
terns. Edmund Scientific Co. 


470 Graphing instrument has 12 log cycles and 
three linear scales. Technical Marketing As- 
sociates Inc. 


471 Miniature accelerometer hos flat base for 
adhesive mounting. Endevco Corp. 


472 Electronic counters for control and test — 
cations. Ridgefield Instrument Group, Div., 
Schlumberger Corp. 





Single copies of the following articles are 
available as long as the supply lasts. 
Starred items are from previous issues. 
See Page 162 for other available reprints. 
Editorial content of Macuine Desicn is 
indexed in the Applied Science Technology 
Index and the Engineering Index, both 
available in libraries. Microfilm copies are 
available from University Microfilms, 313 
N. First St., Ann Arbor, Mich. 


EKY. Anticipated demand for electric power 
pushes development of massive high-voltage 
transmission equipment. (3 pp.) 

Project Planning. Firm foundation for project 
planning: Using charts ond graphs to make 
accurate predictions. (5 pp.) 

Wire-Rope Assemblies. Selecting wire rope 
from stondard types; designing assemblies. 
(9 pp.) 

Inserts in Light-Metal Castings. Design meth- 
ods for casting shafts, bearings, ond sleeves 
into light-metal structures. (2 pp.) 

Impact Loads. Predicting effects of suddenly 


applied loads; designing efficient structural 
parts. (9 pp.) 

Petroleum Base Hydraulic Fluids. Characteris- 
tics of a widely used type of hydraulic fluid. 
(4 pp.) 

DC Moter Control—Part 2. Choosing controls 
to get proper performance from the motor 
and provide adequate protection. (7 pp.) 
Planetary Gear-Train Ratios. Five key equo- 
tions which yield train ratios directly; de- 
termining whether a train is reversing or 
nonreversing. (3 pp.) 

Molded and Woven Friction Materials (Ab- 
stract). Design variables involved in choos- 
ing dry-type friction materials. (3 pp.) 
Pricing New Products.* Tying together the 
design of ao product and its final cost. (5 
pp.) 

Chemical Cleaning of Metal Parts.* Selection 
considerations; descriptions of chemical 
metal-cleaning processes. (8 pp.) 


Ball-Bearing Splines.* Matching splines to 
torque, radial-load, and life requirements. 
(3 pp.) 

Edge-Lighted Panels.* Techniques of design 
and selection of materials for edge-lighted 
panels and dials. (2 pp.) 

Cam-Operated Mechanisms.* Nondimensional 
graphs simplify calculations of velocity, dis- 
tance, time. (3 pp.) 

New Roller-Chain Horsepower Ratings * Get- 


ting the most out of the new horsepower 
and speed ratings proposed by chain manu- 
facturers. (4 pp.) 

Stepped Shafts and Nonuniform Beams.* 
Predicting deflections at any point in a 
stepped shaft or variable-section beam. (6 
pp.) 

How to Sell tdeas.* Presenting ideos to 
rca what sales resistance to expect. 
(5 pp.) 

Reverted Gear Trains.* Determining the num- 
ber of teeth needed to get exact ratios in 
a reverted gear train. (4 pp.) 


Clearance in Rolling Bearings.* Calculation 
of probable bearing life for any amount of 
diometral clearance or preload. (5 pp.) 


Least-Squares Lines.* Techniques for assessing 
the statistical significance of a line drawn 
through a series of scattered data points. 
(8 pp.) iz 

Measuring the Engineer.* Newest methods of 
aptitude appraisal; procedure for doing the 
job efficiently. (6 pp.) 

Seals for Hard Vacuum.* Design concepts; 
study results on materials for hard-vacuum, 
reusable seals. (6 pp.) 

Push-Pull Controls.* Available types, selection 
factors, and design practices. (8 pp.) 
Hydraulic-System Temperatures.* Simplified 
procedure to avoid trial-ond-error calculations 
in predic.ing maximum temperatures. (4 pp.) 
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ONLY 8 OUNCES 


ONLY 


one-piece, bronze 
snap-over separator ----> 


On the heels of a 500% sales increase... 
Kaydon reduces Reali-Slim bearing 
"off-the-shelf" prices additional 24% 


90 sizes—4" to 12” bore— 
1/4” to 1” width and cross-section 


Due to advantages made possible by greater sales and in- 
creased production efficiency, Kaydon now passes along 
another price reduction on “‘off-the-shelf’’ Reali-Slim Type 
CP Bearings. This new price cut (up to 24%) has been 
made in addition to reductions up to 76% a year ago. 
Save on bearing cross-section and weight—Reali- 
Slim is the world’s thinnest radial ball bearing. Many 
sizes of type “CP” are less than 15% of the weight, 
34%, of the width and cross-section of comparable, 


vey’, KAYOON 


Wiig! 


\=m@ THE 


All types of ball and roller bearings — 4” inside diameter to 178” outside diameter . . 


Type “CP” with new one-piece, bronze snap-over 
separator — Major applications include machine 
tools; farm, textile and paper machinery; printing 
presses; pumps and gear boxes; missiles, aircraft and 
radar; gun turrets and dozens of related installations. 

Kaydon bearing engineers are prepared to give 
you valuable help with technical applications of 
thin-section bearings. 


New “CP” Reali-Slim bearing bulletin 
includes prices — gives you full details 
on these 90 sizes of Reali-Slim bearings 
with Conrad deep-groove, ball-radial con- 
struction. Write for your free copy today. 


ENGINEERING CORP. 


*-MUSKEGON, MICHIGAN 
. Taper Roller 


Roller Thrust * Roller Radial * Needle Roller * Ball Radial « Ball Thrust * Four-Point Contact Bearings 
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Stainless Schedules a Supersonic Flight 


A research plane made with more stainless steel components than any 
previous aircraft will be tested soon in Great Britain. It is a Bristol 
Type-188, designed to operate in the atmosphere at speeds exceeding 
1500 mph with skin temperatures up to 536F. About 90 per cent of 
the airframe of the plane is stainless; its two engines are housed in 
stainless nacelles; and skin sections with hard-to-form compound curva- 
ture are of titanium-stabilized 18-8 grade stainless. The plane is con- 
sidered a forerunner of Mach 2.5 or 3 commercial aircraft. 


F-1 Flexes 1.5-Million-Pound Muscles 


Largest rocket engine in the free world—the F-l1—has begun a series 
of static firings, the first tests of the complete engine under launching 
conditions. Numerous static firings have been made with the en- 
gine’s components during the two and one half years of its develop- 
ment, and thrust of | million pounds or greater has been achieved 
140 times. The engine is rated at 1.5 million pounds. It is being 
developed for the Nova launch vehicle, which may have a cluster of 
eight engines. Another possibility is using a pair of F-ls to provide 


electronics 


a 3-million-pound booster for a Saturn vehicle. The F-1 is built by 
Rocketdyne Div., North American Aviation Inc. 


WIRE-BRUSH LANDING-GEAR SKIDS will 
be tested to replace smooth skids on the X-15 
rocket plane, allowing it to land on standard 
asphalt and concrete runways. All X-15 land- 
ings have been made on the dry lake bed at 
Edwards Air Force Base, Calif. Goodyear Tire & 
Rubber Co. will supply the X-15 skids and 
is also developing wire-brush skids for the 
Dyna-Soar manned space glider. 


A COMMON ORBIT for six equally spaced 
satellites is planned for Project Rebound. Studies 
indicate that a number of these passive com- 
munications satellites—acting as mirrors to re- 
flect signals—could provide continuous global 
communication. NASA has given Douglas Air- 
craft Corp. a study contract to develop an 
orbital placement technique and _ engineering 
specifications for Rebound spacecraft. 


Diodes Designed for Compact Computers 


Multiple germanium switching diodes, consisting of two or three 
semiconductor diodes packaged together, are announced by RCA’s Semi- 
conductor & Materials Div., Somerville, N. J. Designed for use in 
computers, they reduce the number of components needed, simplifying 
assembly and saving space. The diodes are manufactured by a new 
process which, according to RCA, provides very high switching speeds 


and high mechanical and electrical stability. 


SMALLER COLOR TV SETS are promised by 
Motorola Inc. The company has developed a 
picture tube for color which is almost the 
same size as a comparable black and white 
tube. In the 23-in. size, the new tube is about 
5 in. shallower than color tubes now being used. 
Motorola will not manufacture the tubes, but will 
use them in sets which will be introduced in 
about a year. 


LOUDSPEAKER ON THE WALL may be the 
fairest one of all. Emerson Radio & Phono- 
graph Corp., working on FM speakers that hang 
on a wall like pictures, says the new configu- 
ration produces better sound than a conventional 
speaker. It has a printed-circuit diaphragm and 
no cone or voice coil. The system was de- 
veloped at the Weismann Institute in Israel. 
So far, only the tweeter has been perfected. 


MacuHINE DEsIGN 





Teflon Takes to Missiles in a Big Way 


Believed to be the largest Teflon billet ever produced, a 210-lb tube 
has been molded by the Plastic Products Div., Raybestos-Manhattan 


Inc., Manheim, Pa. 
5 in. ID. 


Its measurements are 24 in. long, 12 in. OD, and 
It will be used with two large Teflon molded rods in a pro- 
totype for a classified missile project. 


The material was chosen be- 


cause of its excellent ablative and dielectric properties. 


RHENIUM-TUNGSTEN ALLOY in strip, as 
well as rod and wire, is now being produced 
in commercial quantities by Chase Brass & Cop- 
per Co. These alloys, usable at temperatures 
to 5400 F, offer strength, weldability, and duc- 
tility for aero-space, missile, nuclear, and elec- 
tronics applications. 


GREATLY IMPROVED WELDABILITY in a 
new type of stainless steel is announced by 
Westinghouse Electric Corp. Welded Kromarc 
55 can be used at temperatures from —452 to 
1200 F. Strength and corrosion resistance are 
expected to equal that of any AISI type 300 
series stainless of similar alloy content. 


engineering / personal 


NASA Launches Recruiting Drive 


The U. S. space agency’s problem of putting a man on the moon is 
second only to—and dependent upon—another task: Putting 6000 


qualified people behind NASA desks by the end of 1962. That many 


new employees are needed for the accelerated space program; 2400 of 
them must be engineers and scientists. NASA recruiters stress the chal- 
lenges and interest offered by working on space projects, rather than 
salaries (holders of B.S. degrees can earn up to $1000 more per year 
in industry). They also recruit at colleges and in areas where tech- 
nical employment has been cut. One good source of personnel is the 
military: NASA can borrow regular and ROTC officers. 


VE for VIPs 


Production components and sub-systems—picked at random—were 
studied from the value-engineering point of view during a seminar 
conducted by the Aeronautical Div. of Minneapolis-Honeywell Regu- 
lator Co. In every case, savings of 25 per cent or more were indicated 
through redesign, simplification, specifications changes, improved ma- 
terials, or other methods; in one case, the projected savings was 88.5 
per cent. Planning to continue the seminar program, the company 
will “indoctrinate all decision-making personnel in the division.” 
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SMALL GAS TURBINES will provide power 
for electricity, heating, and cooling in two 
office buildings to be constructed in Chicago. 
They will burn natural gas, and exhaust heat 
will generate steam for heat and absorption 
cooling. The smaller (50,000 sq ft) building 
will require two turbines of about 300 shp; 
the larger one will use several 300 to 400-shp 
turbines for a 125,000 sq ft area. 


TAILLIGHTS GIVE MORE WARNING with a 
new system connected to a car’s accelerator in- 
stead of the brakes. Warning lights go on 
when the driver starts the car and are turned 
off by pressure on the accelerator. Slowing 
down causes the light to glow. The lighting 
system, made by Lamp Hardware Co., Cleve- 
land, will be introduced in October, retailing 
for about $8 installed. 














power that can be car- 


ried by a transmission line increases 
roughly with the square of the volt- 
age. This is the basis of a far-reach- 
ing research project sponsored by 
the nation’s leading  electrical- 
equipment manufacturers. Now un- 
der test are 720,000-volt transmis- 


sion lines that carry 36 times as 





much power as normal 115,000- 
volt lines. The project, involving 
massive new equipment, comes un- 


der the heading of Extra-High Volt- 





Operational EHV Systems 


Year 
Country Completed 


2 1954 
British 

Columbia 1957 
Sweden 1952 
France 1957 
Germany 1957 
Russia 1956 


Maximum 


Voltage 
362,000 


380,000 
420,000 
420,000 
420,000 
525,000 


Experimental Systems 


Germany 1941 
Japan 195] 
i. am 1957 
France 1946 
Sweden 1946 
Switzerland 1947 
England 1948 
U.S. (Pa. 

Elec. Co.) 1960 
Ontario 1959 
Sweden 1957 


USSR 1954 


425,000 
435,000 
470,000 
500,000 
500,000 
500,000 
500,000 


500,000 
600,000 
600,000 
600,000 











age, or 


OUR and one-half miles of 

electrical transmission lines near 
Pittsfield, Mass., preview the fu- 
ture design of electrical-transmis- 
sion equipment in the U. S. Em- 
phasizing the importance of the 
impressive installation, 15 of the 
top utilities in the nation are co- 
operating with a major equipment 
builder — General Electric — in 
sponsoring the project. 

At Apple Grove, W. Va., an- 
other similar project, headed by 
Westinghouse Electric Corp., is 
also probing the many problems of 
high-voltage transmission. 

Both GE and Westinghouse are 
concerned with a challenging trend 
in electric-power consumption: De- 
mand for electricity is doubling 
every 10 years. 


Circle 16-1 on Page 19 for extra copy. 


To carry the enormous loads an- 
ticipated during the next decade, 
utilities must either double the 
number of existing lines, or step 
up the voltage so that more power 
can be carried by fewer lines. Since 
the cost of right-of-way often ex- 
ceeds the cost of the transmission 
equipment placed on it, the only 
practical solution is to step up the 
voltage. 

EHV may also complement the 
use of atomic power—reactors could 
be located at remote places, with 
their output transmitted over EHV 
lines. EHV transmission would also 
permit conventional power-generat- 
ing facilities to be located at the 
source of fuel—it will be cheaper 
to transmit electricity than to trans- 
port coal. 
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Energized at 750,000 
volts, conductors glow 
with corona at General 
Electric's Project EHV 
near Pittsfield, Mass. 
Corona is emitted be- 
cause the three single 
wires are arranged for 
transmission of 460 kv. 
Conductors coming into 
the transmission tower 
from upper right are 
without corona; they are 
bundled in groups of 
four — the proper ar- 
rangement for EHV 
transmission (picture, 
facing page). The GE 
installation is one of 
two in the U.S. in which 
EHV is being evaluated. 
Westinghouse Electric 
Corp. has a similar test 
installation at Apple 
Grove, W. Va. 


The mechanics of EHV trans- 
mission are complex: Conventional 
equipment cannot merely be scaled 
up to carry additional loads. 
Switches, transformers, circuit 
breakers, and cable have to be de- 
signed from the ground up. Even 
the familiar transmission towers 
may be subject to change. In GE’s 
test installation, for example, tow- 
ers are constructed of prestressed 
concrete, laminated wood, and alu- 
minum, in addition to the conven- 
tional steel forms. Cables are made 
of aluminum (often with steel 
cores) and range in size to 2.32 in. 
diameter. 

Atomic energy is playing a key 
role in measuring and instrument- 
ing GE’s high-voltage system. 

The earth’s electric field nor- 
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More than 2,000,000 hp can be car- 
ried by transmission lines in Westing- 
house Electric's Apple Grove test in- 
stallation. Energized at 775,000 v, 
the lines carry enough power to supply 
a city the size of Philadelphia. The 
high-power capability of EHV systems, 
while an economy, makes exhaustive 
testing of techniques and equipment 
mandatory . . . failure of an opera- 
tional line could be a catastrophe. 


25 





EHV 





mally produces a voltage gradient 
above the surface of the earth of 
about 300 v per meter. At the 
height of a 50-ft transmission line, 
this would amount to about 4600 
v. This potential modifies the volt- 
age stress on the line. 

Corona, a high-voltage discharge 
of electricity from conductors to 
the surrounding air, occurs when- 
ever the dielectric stress on the 
air becomes severe, and reduces the 
near 100 per cent efficiency of lines. 
According to GE engineers, a 50 
per cent reduction in efficiency has 
been recorded in one EHV line 
during bad weather. Much of the 
effort at Project EHV is directed 
at learning more about the char- 
acter and control of corona loss. 

GE engineers are using polonium 
210 to study the problem. The iso- 
tope is mounted at the end of a 
rod which is connected to earth 
through a high series resistance. 
Flow of electrons through the rod 
is usually skyward because of the 
earth’s electric field. This flow is 
speeded up by the polonium, which 
increases the measurability of the 
circuit. When storm clouds ap- 
roach and the earth’s electric field 
increases, the current flow increases 
directly proportional to the field. 
Hence, the field is measured by 


current flow. 


EHV means massive new equipment... 


Air-blast powered circuit breaker, designed by GE, is half as heavy 
as comparable oil breakers. The device uses compressed air to 
snuff out power arcs during short-circuit interruption. 


World's highest voltage power transformer steps up incoming volt- 
age of 115 kv to 750 kv. Rated at 40,000 kva, the unit is equipped 
with an oil preservation system. Bushings extend 18 ft above and 
10 ft into the transformer. 


Dual motion, vertical-break disconnect switch, built especially for 
project EHV, is claimed by GE to be the highest rated switch in 
existence. It has an impulse withstand of 2300 kv, is rated at 
690 kv, 1600 amp. 
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ALLIS-CHAI 








*A unique form of empathy...the sensitivity 
to comprehend and react to the problems 
of Original Equipment Manufacturers. 


Why this attitude? Because we give what we’d like to receive. At Allis-Chalmers. . 

O.E.M.pathy is a deep-rooted habit we never aim to change. In building products for use in 
your products, we draw on our experience as an OEM in many fields. We don’t have to put 
ourselves in your shoes . . . we’re already wearing a similar pair. This frame of mind affects 
our basic approach in everything we do... not in a superficial way . . . but from the basis of 
sound, well-chosen beliefs gained as OEM’s ourselves. It shows in the products we offer, in our 
service, our delivery, our ability to supply “specials” and to fit our performance to your needs. 


/ 
It’s more than a desire to serve .. . O.E.M.pathy directs our thinking, our attitudes, our 
actions. We want your components business. We’ll work hard to earn it and we’ll work 


hard to keep it. There’s an Allis-Chalmers representative nearby . . . call him or write A-C. 


PRODUCTS FOR YOUR PRODUCTS 
FROM ALLIS-CHALMERS 


MILWAUKEE 1, WISCONSIN 
CONTROLS AND ’ 
INTEGRAL MOTORS /Nolol 4-310) 41 4-) CENTRIFUGAL PUMPS ROTARY COMPRESSORS 
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Measuring the impression made by Brinell or 
Diamond Pyramid hardness tests is made possible 
by the built-in microscope and projector in the 
Avery visual hardness tester (W. & T. Avery Ltd., 
Birmingham, England). The enlarged image of the 
impression, projected on a ground-glass screen, can 
be measured to 0.001 or 0.0002 mm. The machine 
can make 300 comparative tests an hour. It tests 
the hardest and softest materials, causes no serious 
surface disfigurement, and permits measurement of 
impression without removal of the test specimen. 


See 
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Lead shielding 
Lead shielding 


Lens and dust 
cover slide 


Port sealed 
window 
Stationary 
outer tube 


Seal tube 


Instrument tube 


Lens and dust cover 
control 











A zoom optical system and special sealing facilitates study 
of radioactive material in a remote-control stereomicroscope 
built by Bausch & Lomb Inc. The 4x zoom systems, combined 
with three sets of wide-field eyepieces and a built-in remotely 
controlled low-power supplementary lens, permit continuous 
visual examination of specimens from Ix to 60x. A 35-mm 
stereo camera fits over the eyepieces. When the instrument is in 
position, shielding equal to 12 in. of lead protects the operator 
from radiation from the cell access port. Design of the sealing 
tube allows repositioning without danger of contamination. 
Standard instrument is for use in a 36-in. concrete wall; modi- 
fications can be made for walls up to 60 in. thick. 


An hour of recording without changing tape is the capacity of the compact 
Memocord. Two pushbuttons, for recording and play-back, permit one-hand operation 
of this battery-powered tape recorder. It is 444 by 34% by 1 7/16 in., weighs 1214 oz, 
and works for 12 hours on one 1.5-v and one 9-v battery. Loudspeaker or microphone 
can be connected to an amplifier or a telephone. Memocord is made by Stuzzi & Co., 
Vienna, Austria, and distributed in the U. S. by Magnetic Recording Industries. 
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Keyless lock opens when buttons are 
pushed—in the order in which they were 
preset—and the knob is turned to the right. 
The lock is secured by turning the knob to 
the left. Over 1000 combinations are possible 
with this five-button unit, and the combination 
can be changed in a few seconds, without 
tools. The Push Button Lock, made by Sim- 
plex Lock Corp., New York, is plated or 
stainless steel. It measures 7% by % by 33% in. 


ENGINEERING NEWS 


PICTURE REPORT 





3, 1961 


Air-cushion stretcher bear- 
@f carries two wounded. Advan- 
tages of this type of casualty 
transportation are reduction of 
number of personnel required 
(one for each stretcher case in- 
stead of four) and elimination 
of shocks to the injured person 
as he is carried over uneven 
ground. Folland Aircraft Corp. 
built this prototype in collabora- 
tion with the British Royal 
Army Medical Corps, giving 
special attention to engine silenc- 
ing and elimination of vibration. 


Less-compact Fiats, a four- 
door sedan and a station wagon, 
have six-cylinder, 117-hp en- 
gines. Top speed is 96 mph. 
These are the first Italian auto- 
mobiles to have disc brakes on 
all wheels. 
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comments and configurations 


Pressure here extends carpet nozzle 
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Attachments do two jobs on the tank 
cleaner designed by Electrolux Ltd., Lon- 
don. Carpet nozzle and floor brush, 
coupled by toggle springs, interchange at 
the touch of a toe (1). A small nozzle 
for furniture, draperies, etc., and the dust- 
ing brush also share a single head. 


Basking in a basket is possible with the 
galvanized wire container (2) suggested 
for outdoor use. The chair’s conical base 
provides better stability on grass or soft 
earth than legs; removed from its base, 
the wire hemisphere becomes a rocking 
chair. Designer is Verner Panton; manu- 
facturer, Plus Linje, Copenhagen. 








“A clean, trim, and attractive effect in 
plastics . . . contrasting shapes of the two 
tapers . . . gage of the metal mesh in re- 
lation to other details of the set . .. use 
of black, gray, and white” . . . these were 
the main factors mentioned by the British 
judges who selected the Ultra transistor 
radio (3) as winner of the 1961 Duke of 
Edinburgh’s Prize for Elegant Design. De- 
signer is Eric Marshall, head of design, 
Ultra Radio and Television Ltd. 


as an aid to incietnsdales. ‘Riconibory-twiiscoonabb 
and better styling in appliances means planned obso- 
lescence, then | am for it. . . . If you invent a new 
principle of washing clothes, weaahingy dishes, or food 
preservation, a new appearance is necessary to | 
cate to the public that here is something brand 

and totally better. . . . Therefore, we, 

are called upon to dramatize the eng 

and to present his ideas in the best 
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On land, under the sea, and in space... 


BERYLCO’ BREAKS DESIGN BARRIERS 


Extraordinary properties and performance characteristics of 
beryllium metal and its alloys have enabled BERYLCO to assist 
designers in practically every industry. Creating new products 
or re-designing: existing products, you'll find, as many others 
have, that checking into the possibilities of BERYLCO metals 
and alloys is a wise move. 


Key parts like bolts for the individually-powered wheels of 
LeTourneau equipment, components in guidance systems for 
missiles like the Atlas, and heavy-duty springs in submarines 
provide higher part performance because of properties found only 
in beryllium alloys. Good conductivity, formability, high fatigue 
life, corrosion resistance, and heat resistance are a few of the 
advantages found in BERYLCO alloys that offer the solution to 
many material problems. 


Write for latest technical information on how BERYLCo beryllium 
alloys can help you break design barriers. BERYLCO specialists have 
for over 30 years been helping to turn design possibilities into 
performance realities. 


BERYLCA p) THE BERYLLIUM CORPORATION 


READING, PENNSYLVANIA Circle 215 on Page 19 


Beryico beryllium cop- 
per springs helped solve 
a design and perform- 
ance problem in modern 
submarines. 


Separate motors are attached to each 
wheel of this 150-ton LeTourneau Jungle 
Destroyer with Beryico beryllium cop- 
per bolts. 


Beryico beryllium copper contacts 
assure reliability in guidance system 
circuitry of Atlas missiles. 





“Five -Hundzed TRACING PAPER 


Here is a new drawing medium truly worthy of your attention. Bruning’s Five 
Hundred is a tracing paper engineered for draftsmen—developed after a decade of 
testing and proving by America’s leading supplier to the engineering profession. 

Five Hundred tracing paper has all the qualities that valuable drawings need 
and deserve. More, it has them in outstanding degree: the translucency, the per- 
manence, the surface texture (each side slightly different for individual preference). 

Today, with the costs of engineering drawings higher than ever before, the 
paper on which they’re made should be the best obtainable—and the best is 
Bruning Five Hundred. Yet, this new drawing medium costs no more than con- 
ventional tracing papers. 


TRY IT...PROVE IT 


The real proof of this new tracing paper is, of course, your own test. 

So confident are we that Five Hundred will meet your highest expectations, 
we offer a large trial supply well below our cost. You have your choice 

of roll or sheets: simply mark the coupon. 


(BRUNING ) 











special offer: trial supply plus informative booklet 


@ JUST ONE DOLLAR brings you the new Five Hundred 
in your choice of a 10-yard roll (36” wide) or % 
100 sheets of 8% x 11—each sells for approximately $3.00. 


@ AND YOUR FREE BOOKLET! In the course of developing 
the new Five Hundred, Bruning researchers turned up 

many facts of real importance to all who use tracing paper. 
These helpful pointers are yours in a handy guidebook, 
“Tracing Paper Characteristics, and What They Mean to You.” 
It makes interesting reading. Check the box for your free copy. 
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Charlies Bruning Company, Itc. 
1800 Central Road, Mt. Prospect, Illinois 


in Canada: 103 Church St., Toronto 1, Ontario 


Please send materials | have checked below. My dollar (s) 
is enclosed. 


[_] 100 sheets Five Hundred tracing paper, 8% x 11 ($1.00) 
‘| 10-yard by 36” roll ($1.00) 


| Free guidebook, ‘‘Tracing Paper Characteristics, and 
What They Mean to You’”’ 


Company........ 


Street 
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Early-Warning Castaway 
Monitors Young Hurricanes 


WasHINGTon—Deserted for the next five or six months, 
Nomad I, a sea-going robot that does the work of a 
weatherman, will warn of hurricanes brewing in the 
Gulf of Mexico. Anchored far out at sea, Nomad 
can operate continuously for up to two years, although 
it will be towed back to shore once hurricane season 
is over this year. 

A joint venture of the National Bureau of Stand- 
ards and the Navy’s Bureau of Weapons, the weather 
station consists of a 200-sq ft aluminum platform. 
Weather gear is encased in four watertight aluminum 
wells sunk in the deck. The craft regularly transmits 
at six-hour intervals, steps up its reporting during high 
winds. At each transmission, Nomad reports air and 
water temperatures, barometric pressure, wind speed 
and direction, and direction of surface currents. 

First tested in a salt-water environment in 1954, 
the station has been experimentally operated for several 
months each year, ever since. In 1960, it proved its 
worth by picking up tell-tale signs of Hurricane Ethel 
and broadcasting data which alerted the Gulf-Coast 
mainland about 48 hours before the storm struck. Dur- 
ing the storm, Nomad partially parted its mooring 
and turned broadside to the heavy seas. Although 
part of its topside equipment was submerged, the sta- 
tion transmitted accurately and clearly. 

Each year, the instrumentation on the weather sta- 
tion is improved. Innovations added for ’61 include: 
¢ Storm sensor which causes the station to transmit 
hourly when wind velocity remains above 33 knots. 

e Water-immersed silicon solar battery which will 
record the amount of sunlight reaching the station. 
This device could be the forerunner of a system to 
measure solar radiation on the ocean; it could also 
recharge the station’s storage batteries. 

© Compass-bearing transducer which measures direc- 
tion of surface currents. 

Although experimental programs have not been com- 

pleted, the weather station is now scheduled to go 
45ft of lin. chain into production. Seven will be established as Navy 
= oees stations in storm-producing localities of the Atlantic 
potaal and Pacific oceans. After the pilot production models 
epi have been proven, the Weather Bureau and Air Force 
=p7,500 ft of 3/4 in. are likely to add others to the system. With minor 
< =. Ooeron tine ‘ refurbishing every two years, the stations will have a 

fe 2 life expectancy of at least ten years. 


Anchored in 12,000 ft of water, Nomad will warn the 
mainland of hurricanes. The unmanned weather station 
gathers information in out-of-the-way ocean areas, off the 
trade lanes where there are no human observers. Its 
15,000-ft anchor line includes 34 and 11/4-in. chain, dacron 
and polypropylene cables, shackles, and swivels. A bridle 
that allows the station to give 
with the wind and a 500-Ib 
anchor complete the mooring 
500 Ib mushroom anchor system, which is designed to 
maintain the station's position 

in any tropical storm. 
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WHO SAID IT COULDN'T BE DONE? 


U 


Lots of people thought this tiny “l-watter” was impossible. But here 
it is. And for the first time in this power rating, circuit designers can 
get all the advantages of a wire-wound, vitreous-enameled resistor 
with axial leads—high temperature operation, up to 350°C; +5% 
tolerance; low temperature coefficient; low ‘“‘noise” level; stability; 
and sfrong, welded construction. 

Construction is the same as Ohmite’s 3, 5, and 10-watt sizes—in- 
cluding ceramic core, uniform winding, tough Ohmite vitreous 
enamel coating, and traditional Ohmite reliability. 

Resistance values range from 1 to 6000 ohms. But you can find 
out all about this exclusive Ohmite development by writing for. 
Bulletin 147F, Do it now! 


OHMITE MANUFACTURING 


COMPANY 
3618 Howard Street 
Skokie, Illinois 


OHMITE 


Rheostats Power Resistors 

Precision Resistors Variable Transformers 
Tantalum Capacitors Tap Switches 

Relays R.F. Chokes 

Germanium Diodes Micromodules 
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Now 
4 
Sizes 


3-WATT [1 5-WATT [f 10-WATT 


5, and 10-watt stocked in both 
commercial and MIL values 





HIGH-SENSITIVITY 
SWITCHING 
@ LOW UNIT COST 


highly reliable 
low wattage relays 
from LIONEL 


solder lugs or plug-in 
terminals for printed 
circuit boards 


insulating bases and 
dust covers optional 
ae 


TYPICAL UNIT 
Rating: 50 milliwatts 
Impedance: 2300 ohms 
Pull-in current: 4.7 ma 
Drop-out current: 1.0 ma 
Electrical specifications 
can be changed to suit 
application. 


Send for data on 
“4325 SERIES” RELAY 
Write Dept. 38-MR 


LIONEL 


ELECTRONICS DIVISION 
Hillside, New Jersey 
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Meetings 
and Shows 


Aug. 15-17— 

Cryogenic Engineering Confer- 
ence to be held at the University of 
Michigan. Additional information 
can be obtained from the univer- 
sity, Ann Arbor, Mich. 


Aug. 22-25— 

Western Electronic Show and 
Convention to be held at the Cow 
Palace, San Francisco. Additional 
information can be obtained from 
Wescon, 1435 S. La Cienga Blvd., 
Los Angeles 35, Calif. 


Aug. 23-25— 
American Society of Electrical En- 


| gineers. Pacific General Meeting to 


be held at the Hotel Utah, Salt 
Lake City, Utah. Additional infor- 
mation can be obtained from AIEE 
headquarters, 33 W. 39th St., New 
York 18, N. Y. 


Aug. 28-Sept. 1— 

International Heat Transfer Con- 
ference to be held at the University 
of Colorado, Boulder, Colo. Spon- 
sors are American Society of Me- 
chanical Engineers and American 
Institute of Chemical Engineers; 
also participating are American So- 
ciety of Refrigerating and Air Con- 


ditioning Engineers, Chemical In- 


stitute of Canada, Engineering In- 
stitute of Canada, Institute of the 
Aerospace Sciences, Society of Au- 
tomotive Engineers Inc., and the 
University of Colorado. Papers will 
be presented by engineers from 13 
countries. Additional information 
can be obtained from ASME, 29 
W. 39th St., New York 18, N. Y. 


Sept. 5-8— 

Association for Computing Ma- 
chinery. 16th National Conference 
and First International Data Proc- 
essing Exhibit to be held at the 
Statler-Hilton Hotel, Los Angeles. 
Further information is available 
from Benjamin F. Handy Jr., Lit- 
ton Systems, 5500 Canoga Ave., 
Woodland Hills, Calif. 


Sept. 11-14— 
Society of Automotive Engineers 


Inc. Heavy-Duty Vehicles Meet- 
ing, including production forum 
and engineering display, to be held 
at the Milwaukee Auditorium, Mil- 
waukee. Further information can 
be obtained from SAE, 485 Lexing- 
ton Ave., New York 17, N. Y. 


Sept. 11-15— 

Instrument Society of America. 
Sixteenth Annual Instrument-Auto- 
mation Conference and Exhibit to 
be held at the Biltmore Hotel and 
Memorial Sports Arena, Los An- 
geles. Further information is avail- 
able from Meetings Manager, ISA, 
Penn Sheraton Hotel, 530 William 
Penn Place, Pittsburgh 19, Pa. 


Sept. 14-15— 

American Society of Mechanical 
Engineers - American Institute of 
Electrical Engineers. Engineering 
Management Conference to be held 
at the Roosevelt Hotel, New York. 
Additional information can be ob- 
tained from ASME Meetings Dept., 
29 W. 39th St., New York 18, N. Y. 


Sept. 18-20— 

Standards Engineers Society. An- 
nual Meeting to be held at the 
Hotel Sherman, Chicago. Addi- 
tional information is available from 
J. A. Caffiaux, executive secretary 
of SES, 11 W. 42nd St., New York 
36, N. Y. 


Sept. 24-27— 

American Society of Mechanical 
Engineers. Petroleum Mechanical 
Engineering Conference to be held 
at the Muehlebach Hotel, Kansas 
City, Mo. Further information is 
available from ASME, 29 W. 39th 
St., New York 18, N. Y. 


Sept. 25-28— 

Association of Iron and Steel En- 
gineers. National Convention to 
be held at the Penn-Sheraton Hotel, 
Pittsburgh. Further information 
can be obtained from society head- 
quarters, 1010 Empire Bldg., Pitts- 
burgh 22, Pa. 


Sept. 25-28— 

American Welding Scciety. Fall 
Meeting to be held at the Adolphus 
Hotel, Dallas. Additional informa- 
tion is available from Information 
Center, AWS, 33 W. 39th St., New 
York 18, N. Y. 


Oct. 5-8— 
American Society of Industrial 
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When an aluminum bushing takes a 5-million-pound load... 








ALCOA ALUMINUM 





When an aluminum 
bushing takes a 


5-million-pound load... 


that’s Alcoa Total Ability at work! 


And when tandem cold mills roll steadily at 5,000 
fpm, that’s even more impressive! Yet, this is only 
par for the course with aluminum. In steel mills 
both here and abroad, aluminum bushings have 
proved themselves in the most exacting applica- 
tions. Laboratory tests prove that aluminum bear- 
ing alloys carry higher unit loads at higher speeds 
than any other material. 

Morgoils, made by the Morgan Construction 
Company, Worcester, Mass., are bearings of ex- 
ceptionally high load capacity. They range in size 





from 7 to 53 in. journal diameter, have standard 
load capacities from 90,000 to over 5,000,000 Ib! 
Because they use aluminum alloy, these bushings 
are unaffected by corrosive additives in oils. 

No one knows more about aluminum bearing 
alloys than Alcoa. And Alcoa Total Ability means 
you get direct help—whether you’re designing a 
new bearing, bushing . . . or placing a finished 
unit in the line. For details, call your nearest 
Alcoa sales office. Or write: Aluminum Company 
of America, 856-H Alcoa Bldg., Pittsburgh 19, Pa. 


¥ ALCOA ALUMINUM 


is BEARINGS 








Designers. Annual Meeting to be 
held at the Ambassador Hotel (Oct. 
5) and the St. Catherine Hotel (Oct. 
6-8), Santa Catalina Island, Calif. 
Additional information can be ob- 
tained from Richard M. Wilkes & 
Associates, 521 N. La Cienega Blvd., 
Los Angeles 48, Calif. 


Short Courses 
and Symposia 


Aug 23-25— 

Fourth Biennial Gas Dynamics 
Symposium to be held at North- 
western University. Sponsors are the 
Electric Propulsion Committee and 
the Magnetohydrodynamics Com- 
mittee of the American Rocket So- 
ciety and the Gas Dynamics Labo- 
ratory of Northwestern. The pro- 
gram will cover transport properties 
of plasmas, magnetohydrodynamic 
wave phenomena, experimental tech- 
niques and observations, propulsion, 
power generation, and _ thermo- 
dynamic properties of plasmas, Ad- 
ditional data can be obtained from 
Gas Dynamics Symposium, Me- 
chanical Engineering Dept., North- 
western University, Evanston, IIl. 


Aug. 27-Sept. 1— 

Short Course on Materials Under 
Thermal Stress to be held at Penn- 
sylvania State University. Object of 
the course is to present intensive 
treatment of the present state of 
the art of thermal stress analysis 
and interpretation. Lecture topics 
will include elastic analysis, funda- 
menial behavior of materials under 
mechanical and thermal strain cy- 
cling, inelastic analysis, thermal 
shock of brittle and ductile mate- 
rials, and choice of materials and 
mechanical configuration for opti- 
mum design. Further information 
can be obtained from the Confer- 
ence Center, Pennsylvania State 
University, University Park, Pa. 


Sept. 5-9— 

Short Course on Photoelasticity, 
to be held at the University of Cal- 
ifornia, will review (by means of 
lectures, demonstrations, and _lab- 
oratory exercises) the fundamental 
theory and laboratory techniques 
related to the classical applications 
of polarized light for solving stress 
problems. The most advanced 
techniques will also be discussed. 
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Additional informau.tn can be ob- 
tained from Engineering Extension, 
Engineering Bldg. Unit II, Room 
6266, University of California, Los 
Angeles 24, Calif. 


Sept. 6-8— 

Midwest Conference of Fluid and 
Solid Mechanics, to be held at Mich- 
igan State University, will present 
new research and development 
work in these two fields. Addition- 
al information is available from Dr. 
Joachim E. Lay, 14 Olds Hall, 
Michigan State University, East 
Lansing, Mich. 


Sept. 6-8— 

Joint Nuclear Instrumentation 
Symposium, sponsored by Instru- 
ment Society of America, American 
Institute of Electrical Engineers, and 
Institute of Radio Engineers, to be 
held at North Carolina State Col- 
lege, Raleigh, N. C, Additional in- 
formation is available from Meet- 
ings Manager, ISA, 313 Sixth Ave., 
Pittsburgh 22, Pa. 


Sept. 11-22— 

Institute on Experimental Stress 
Analysis, to be held at Wayne 
State University, will consist of 
Program 1—Photoelasticity, Theory 
and Application, and Program 2— 
Strain Gages, Theory and Applica- 
tion. Program 1 will include: 
Basic optics, the polariscope, bire- 


fringence, isoclinics and stress tra- | 


jectories, study of separate stresses, 


model making and machining of | 
photoelastic materials, and photo- | 
Some topics for | 
Basic mechanics | 


elastic coatings. 
Program 2 are: 


laws, strain-sensitive materials, 


properties and types of foil and wire | 


gages, adhesives and modes of fas- 
tening, strain gage circuits, calibra- 
tion, types of amplifiers, dynamic 
measurements, transducer applica- 
tion, and commercial equipment. 
Further 
tained from Dr. Joseph Der Ha- 
vanesian, Institute Co-ordinator, 
Dept. of Engineering Mechanics, 
Wayne State University, 655 Mer- 
rick, Detroit 2, Mich. 


Sept. 12-15— 
Seminar for Manufacturing En- 


(Please turn to Page 42) 





information can be ob- | 





Select the exact a-c 
or d-c small motor 
you need... 

from the wide 
Barber-Colman line 


TYPICAL TYPES 


new revised 
quick reference 
file on the 
complete line 





. . . this helpful guide illustrates 
and gives typical specifications 
on Barber-Colman subfractional 
horsepower motors. Ask for 
Quick Reference File F-9765 . . . 
it covers the following: 


A-C SHADED-POLE MOTORS 
unidirectional « reversible 
synchronous + geared 


A-C AND D-C TACH GENERATORS 
D-C PRECISION MOTORS 
BATTERY-OPERATED MOTORS 
A-C 400-CYCLE MOTORS 
BLOWERS, GEARHEADS 
ULTRA-SENSITIVE RELAYS 


BARBER-COLMAN COMPANY 
DEPT. T, 1973 ROCK STREET, ROCKFORD, ILLINOIS 
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| ~ Louis Allis engineered systems include: 


‘minute into position for paint line after coming out ef prime 


ze Louis Allis drive powers this transfer table, shifts one body per 
“‘caat drying ovens. 3 





- tions. Any type of production interruption is quickly revealed 
and identified by signal light indication. Recorders provide a 
permanent daily record of each conveyor’s operation. 


A bank of Louis Allis controllers regulate the drives powering the 
: : «mating line where unitized body,. stub frame/engine assembly 
_ +> .. 4™* and running gear are assembled. Here, a Plymouth convertible 





5 I) This 3 dimensional area control center monitors conveyor opera- 


ee comes off the assembly line. 
Lae, Neca mf ] Louis: “Allis controllers coordinate the intricate. assembly of side- 
4 i S : 4 gate framing fixtures and underbody just prior to welding. Thiée ~~ 
a aI Ra ee ‘Components arrive ‘from three different locations at precisely the 
pe 3 hs Same moment. |\ 
- | : : ' 


‘ g o>” + \ 





ae oe 2B. Pre: final, assembly area 
Shona Res Res ed ‘ & 





Se str BS 4. Initial body assembly © 
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a Automatic transfer station 
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i 











































“CONVEYOR ORIVES AND CONTROLLERS: 
THE LOUIS ALLIS. COMPANY ee 
Engineering news from Louis Allis 


LOUIS ALLIS engineered systems 
automate Chrysler assembly lines 





An automobile assembly line is a materials handling complex of movement and 
synchronization. Feeder lines joining the main-line must deliver components on 
time — and in perfect synchronism. Still, the system must be flexible enough 

to accommodate speed changes when desired. 


The Plymouth assembly plants in Detroit and St. Louis are models of this type 

of automation . . . and electrical components for the materials handling systems 
were custom-engineered by Louis Allis. L.A. systems engineers worked with 
Plymouth engineers to map the flow sequence. Louis Allis provided the adjustable 
speed drives and precision controls to operate the systems and supervised the 
installation. The result: integrated, automated systems that eliminate time loss, 
manpower waste, and excess materials handling costs. 


Synchronized conveyors operate at pre-set speeds by following built-in master 
job-rate controllers. The system provides for automatic, position-perfect transfer 
of body components from one conveyor to another. A three-dimensional area 
control center monitors and records all conveyor operations. 


If your plans call for automation, contact Louis Allis for systems engineering 
assistance — and single-source responsibility of drive and control design, manu- 
facturing, and service. Call the Louis Allis District Office nearest you, or write 

to The Louis Allis Co., 459 E. Stewart St., Milwaukee 1, Wis. Ask for Bulletin 2900.. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED ORIVES 


LOUIS ALLIS 
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steady there... 

be patient... 
we've expanded 

our sales force 

to meet your urgent 
demand for our 
digital control 


and instrumentation 


wo []YHAPAR 


corporation 


Dynapar is the electronic subsidiary of The Louis Allis Co. We make a full line of 
transistorized digital devices for high-speed counting, measuring, and control. 


Information on any of these products can be obtained from your local Louis Allis 
District Office — which is listed in The Yellow Pages under ‘Electric Motors.” 


Draw Process 
Indicators Controllers 
Rasese] 


DYNAPAR CORP., 459 E. STEWART ST., MILWAUKEE 1, WIS. A subsidiary of The Louis Allis Co. 
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(Continued from Page 39) 


gineers to be held at Pennsylvania 
State University. It will cover lat- 
est techniques related to automa- 
tion equipment development for 
engineers responsible for the de- 
sign, inctallation, and operation of 
such eyuipment. Further informa- 
tion can be obtained from the Con- 
ference Center, Pennsylvania State 
University, University Park, Fa. 


Sept. 20-21— 

Industrial Electronics Symposium, 
sponsored by the American Insti- 
tute of Electrical Engineers, the 
Professional Group on Industrial 
Electronics of the Institute of Radio 
Engineers, and the Instrument So- 
ciety of America, to be held at the 
Bradford Hotel, Boston. Theme of 
the symposium will be supplier-user 
co-operation. Technical sessions 
will be on measuring techniques for 
industry, digital and analog tech- 
niques in industry, and new power 


| conversion techniques. Additional 


information is available from D. J. 
LaCerda, Badger Mfg. Co., 363 
Third St., Cambridge, Mass. 


Sept. 27— 

Seminar on Hydrostatic Trans- 
missions, to be held at the Milwau- 
kee School of Engineering, will be 
comprised of an introduction to the 
subject, design and analysis aspects, 
and typical applications. Mr. Frank 
Flick will speak on “Cylinder De- 
sign and Application Concepts” at 
a dinner following the seminar. 
Further information is available 
from Melvin E. Striegel, Director, 
Evening Div., Milwaukee School of 
Engineering, 1025 N. Milwaukee 
St., Milwaukee 1, Wis. 


| Oct. 3-6— 


Ninth Annual Human Engineer- 
ing Institute, conducted by Dunlap 
and Associates Inc., to be held in 
Stamford, Conn. The program will 
consist of three days of technical 
sessions, a half-day on manage- 
ment and contractual aspects of hu- 
man engineering efforts, and an 


| opportunity for private conferences. 


Further information is available 
from Dr. Jerome H. Ely, Institute 
Director, Dunlap and Associates 
Inc., 429 Atlantic St., Stamford, 


| Conn. 
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Automatic cycling Gisholt 5AR handles variety of bar and chucking tasks, 
depends on nickel alloy steels for resistance to heavy stress and wear. 


Three 
extra strength for precision 


Here’s where Gisholt engineers 
specify nickel steels to insure close- 
tolerance machining with the 
MASTERLINE* 5AR Turret Lathe: 


Chuck screws are made of AISI 3312 
carburized to a case depth of .015” and 
hardened to 60 Re min. This 342% 
nickel steel resists chipping or break- 
age when the screws are tightened by 
hand or hammer. The strength and 
toughness of AISI 3312 steel well 
match the severe torsional and com- 
pressive loads that are brought to bear 
as the workpiece is locked in place 
and machined. 


Headstock gears in the 5AR lathe 
are AISI 4620 carburizing steel (1.8% 
nickel). Readily heat-treated to a sur- 
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face hardness of 60 Rc, 4620 develops 
average core properties of 135,000 psi 
tensile strength and 105,000 psi yield 
strength. Gears made of this steel sur- 
vive the highest tooth loads and 
abrasive wear. 


Spline shafts are made of AISI 4340. 
This 1.8% nickel through-hardening 
steel provides excellent strength in an 
extremely tough core for shafts sub- 
ject to high torsional stresses. Oil- 
quenched and tempered to a tensile 
strength of over 200,000 psi, AISI 
4340 develops consistent strength and 


nickel alloy steels give Gisholt 5AR 


metalworking 


toughness in parts having varied sec- 
tion size. 


When you design, order or use 
heavily stressed parts for machine 
tools, count on the strength and tough- 
ness of nickel alloy steels. And for 
engineering data on these steels to help 
you select the best combinations of 
case and core properties, write to Inco. 
We'll be glad to help. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street ine New York 5, N. Y. 
Pann 


*Reg. trademark 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 
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Peo rker SEAL COMPANY 


IMPORTANT ANNOUNCEMENT 
TO ALL USERS OF MILITARY O-RINGS 


In developing Parker T.V.Q.* 
o-Rings a major technical ach 

has resulted in amazing improved 
quality and greater reliability in 
all O-Rings. This « BREAKTHROUGH" 
enables Parker to offer guperior 
quality military 9° 

Compare Parker qualit 

with all other O-Rings vefore YON 
specify ANY O-Riné- 


*Top-Visuel Quality~ 


] 
no finer O-Rings c8> be made. 


O 


arker SEAL COMPANY 


Culver City, California and Cleveland, Ohio 





HIDDEN VALUES like these assure Link-Belt roller chain of 


power, full lite 


UNIFORM STRENGTH OF CHAIN PARTS, well above 
accepted standards, is assured through exact control of all 
heat-treating processes. With equipment and instrumentation 
exactly tailored to the need, all processes are carefully 
adjusted to suit the characteristics of each heat and analysis 
of steel. Result: Link-Belt precision steel roller-chain has 
the strength to absorb shock loads, deliver full power under 
continuous heavy going. 


ees 


UNIFORMITY OF CHAIN PARTS is rigidly controlled 
in every step of Link-Belt’s precision steel roller chain pro- 
duction. The optical comparator is an example of the wide 
variety of specialized equipment used to assure precise manu- 
facturing control of chain parts and tools. It is capable of 
magnification up to 100 times to inspect chain parts and the 
tools that make them. 


Precision power partners for LINK-BELT roller chain. All available 
































FOR LOW COST... 
FINISHED BORE SPROCKETS 
Available for the most widely used single- 
strand roller chains. They are stocked in a 
range of popular bores, complete with key- 

seat and set screw. 
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FOR EASY INSTALLATION ... 
TAPER LOCK SPROCKETS 
Stocked in a wide range of sizes for single- 
and double-strand chains. Bushings are of- 
fered in Ye” bore increments, complete with 

keyseat. 


FOR OVERLOAD PROTECTION ... 
SHEAR PIN SPROCKETS 
Protect equipment against overload damage. 
Necked pin shears at an exact calculated 
load, disconnects sprocket and hub. Pin 
easily replaced. No adjustments needed. 
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UNIFORM LOAD DISTRIBUTION across multiple- 
strand roller chain is essential so that each strand carries 
its fair share of the load. That’s why Link-Belt’s prestressing 
is so vital. Prestressing seats and cold-works the chain joint 
parts, assures equal load distribution and reduces elongation 
in service—of special value on fixed-center drives. 


from stock. 


























FOR SPECIAL MACHINING ... 
MANDREL BORE SPROCKETS 
Available in a broad range of sizes for rema- 
chining to individual bore or keyseat require- 
ments. Three types: (A) no hubs; (B) one 

hub; (C) hubs on both sides. 
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Shown below are just a few of the many hidden values that 
contribute to the greater strength and endurance . . . the 
longer service life of Link-Belt roller chain. 


Combined, these features assure you of precision chain 
that can easily cope with today’s heavy loads and high speeds. 
It has exceptional resistance to fatigue . . . shrugs off the 
punishing effects of sprocket engagement, shock of starting 
loads, centrifugal loads and other operational stresses . . . 
provides long-term efficiency and economy. 


For engineering assistance in applying the roller chain, 
manufactured to give you full power, full life, contact your 
nearest Link-Belt office. Look under CHAINS in the yellow 
pages of your telephone directory. 


TOP FATIGUE STRENGTH of Link-Belt roller chain is 
verified on the test equipment shown above. With it, Link- 
Belt has proved conclusively the superior fatigue resistance 
imparted to roller chain by its patented FR (Fatigue-Resist- 
ant) process. The machine produces up to 65 tons of high 
speed cyclic tension—rapid “stress-on, stress-off” action that 
duplicates actual operating conditions at an accelerated pace. 


ROLLER CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 
To Serve Industry There Are Link-Belt Plants, Warehouses, District 
Sales Offices and Stock Carrying Distributors in All Principal Cities. 
Export Office, New York 7; Australia, Marrickville (Sydney); Brazil, 
Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, Springs; 

Switzerland, Geneva. Representatives Throughout the World. 
15.695 
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TYPE 30BG 
—for pipe sizes 


Ad ” 
4”, 1 


TYPE 30BG 
—for pipe sizes 


se) OE", %* 
42/761 /2 





Interchangeable Filter Elements— 
easily removed for cleaning. 25, 50 
or 75 micron. 


: a Deflector—directs air flow into circular 
ba sig pattern to extract liquid. 


Baffle forms quiet zone in bottom of 


bowl. Prevents return of liquid to air line. 


Float—operates automatic drain 
mechanism when liquid level rises. 


Bow!l—Metal or transparent. 


J Safety-Green bowl available for all sizes. 
i 
a 


internal Automatic Drain— 
positive action. Discharges collected 
liquids. Operates as required even on 
dead-end service. 


Quiet Zone of increased size for 
greater liquid capacity. 





Tapped Drain for connection to 
waste line. 


Norgren Automatic-Drain Compressed-Air- 
Line Filters provide FULL-TIME protection 


The purpose of a compressed-air-line filter 
is to remove liquids and solids from the air- 
stream so that they cannot clog, corrode or 
damage air-powered equipment. Your 
equipment needs this protection full-time. 

Manual drain filters are often neglected 
... are not drained as often as they should 
be. ‘When excess liquid collects in the bowl 
these filters no longer do the job. Liquid in 
the air-stream passes right on through to 
your air tools, cylinders and other air- 
operated equipment. 

This cannot happen with Norgren 
Automatic-Drain Filters. They empty 
themselves as often as required .. . never 


FOUNDED IN 1925 


get too full. Operation is determined en- 
tirely by the need for draining; and not, as 
with some makes, by changes in air pres- 
sure. Although an automatic-drain filter 
costs more than a manual drain filter, Nor- 
gren Automatic-Drain filters protect your 
air-powered equipment full-time day and 
night, year-in-year-out. They prevent 
costiy wear and damage to your equip- 
ment and eliminate man-hour costs for 
manual draining. 

Order Norgren Automatic-Drain Filters 
from your nearby Norgren Representative, 
listed in the telephone directory—or write 
factory for catalog. 


Cc. A. NORGREN CoO. 


3442 SOUTH ELATI STREET, ENGLEWOOD, COLORADO 
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Whatever materials you’re bonding (to the 
same or to another material), a SCOTCH- 
WELD Brand Structural Adhesive bond 
will give you a bonus of structural strength 
at the joint, with the flexibility to resist 
vibrational fatigue. SCOTCH-WELD adhesive 
bonds distribute stress loads uniformly, 
and protect the strength and integrity of 
the materials by eliminating fastening 
holes, maintaining the finish, and sealing 
joints against corrosion. 


Fatigue tests show that metal-to-metal 
joints in Convair’s 880 jet transports and 
Air Force F-102A jet interceptors, bonded 
with SCOTCH-WELD adhesives, will outlast 
the metal structure they bond together! 
In industry, too, SCOTCH-WELD adhesives 
are finding use in joining hermetically 
sealed metal shipping containers, multiple 
piece castings and thinner gauge metals, 
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where tear strength would limit the effec- 
tiveness of other joining methods. 


Look first to 3M! A pioneer in adhesive 
research, 3M has developed the widest line 
of adhesives in the industry. These Tech- 
nical Service facilities are at your disposal. 
For an accurate appraisal of how an ad- 
hesive can add strength, light weight, 
production economy, and greater design 
freedom to your process or product, call 
your nearest 3M Field Engineer or write to: 
AC&S Division, 3M Company, Depart- 
ment SBR-111, St. Paul 6, Minnesota. 
“SCOTCH-WELD” is a Reg. T.M. of 3M Co. © 3M Co., 1961. 


. 


Sculpture created especially for 3M Company by Guy Palazzola 


STRENGTH 


... Bonds “strong as a bull rhinoceros” made with SCOTCH-WELD® 


Brand Structural Adhesives 








What do you want to bond to what? 
The 3M Rhino is fabricated of these 
materials and bonded with SCOTCH- 
WELD Brand Structural Adhesives: 

1. Wood 2. Aluminum 3. Glass 4. Ceramic 
5. Plastic 6. Permanent Magnet 7. Brass 








ADHESIVES, COATINGS AND SEALERS DIVISION 


Piienesora [fining ano ]fanuracturine company 
e+ WHERE RESEARCH 1S THE KEY TO TOMORROW 
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UNION ASA 
STANDARD FLAT TOP 
ROLLER CHAIN 


UNION ASA 
STANDARD ROLLER CHAIN 


wd Y 
Fo 
%, 
yA 
UNION HB STEEL 
ROLLER CHAIN 


UNION HB STEEL 
DRIVE CHAIN 


UNION FLEXIBLE COUPLINGS 


i 





UNION APRON 


UNION ROLLER 
CONVEYORS 


UNION 


“DESIGNED-TO-APPLICATION 


CHAIN SPROCKETS 


CHAIN 


UNION DRIVE AND CONVEYING CHAIN 


Let your H-R power transmission specialist show you 
how to select the right chain to fit your power drive or 
materials conveying needs, at “off-the-shelf” savings. 
Your H-R specialist is in the best position to give 
you an unbiased recommendation. He is backed by 
Union Chain, a division of Hewitt-Robins, with a 
complete line of chain, sprockets, and chain type flex- 


ible couplings. He has at his command a wealth of 
Hewitt-Robins experience in all phases of power drive 
and materials conveying applications. 

Hewitt-Robins sales offices, warehouses, and stock- 
carrying distributors are conveniently located throughout 
the United States and Canada. To put an H-R specialist 
to work for you, give your nearest H-R sales office a call. 


WRITE FOR H-R POWER TRANSMISSION BULLETINS - HEWITT-ROBINS DEPT. 8-61, STAMFORD, CONNECTICUT 


UNION CHAIN: roller chain, RT-60; engineering chain, A-4... 
JONES MACHINERY: herringbone reducers, 3-100; spiral 
bevel reducers, 3-25; worm helical reducers, 3-14; shaft mounted 
reducers, 3-19; in-line helical reducers, §-18; gearmotors, 3-17; 
power transmission components, J-10A, J-16, J-23; complete 
drive units, 3-11, J-22. 
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Abrasives, 99.98% pure alumina, 
simplify polishing of metals 


Once it was a complex art to put preci- 
sion finishes on metals. Polishing, sharp- 
ening, honing involved many abrasives 
and techniques. Now, with LINDE alu- 
mina abrasives, metallographic polish- 
ing is routine. 


Magnified 1500 X—a sample of tungsten car- 
bide with 6% cobalt binder polished by modi- 
fied procedure for hard materials. (Murakami’s 
etch). 

In three grades LINDE 0.3 A (alpha 
alumina), LINDE 0.05 B (gamma alu- 
mina), and LINDE 1.0 C (alpha alumina) 
—these low-cost, fast-cutting white pow- 
ders can be used with many materials. 
LINDE 1.0 C removes material rapidly; 
LINDE 0.3 A cuts quickly, yet leaves a 
clear, unsmeared finish; LINDE 0.05 B 
cuts slower but produces a finer finish. 
Uniformity of the particle size elimi- 
nates levigation in finishing. 

Powders can be used dry, or mixed 
with water or other vehicles to make a 
thin slurry or heavy paste, or com- 
pounded with waxes in convenient stick 
form. Both are highly resistant to com- 
mon acids. Check, send the coupon. 


Now —high workability for 
tungsten in crystal form 


Ingots of LINDE crys- 

tal tungsten can be 

worked into intricate 

shapes for electronic, 

other applications. It 

can be done at room 

temperature, using 

standard machine 

tools. Metal has no 

porosity, relatively 

low impurity, is less 

brittle than PM tung- 

sten. Crystal tungsten also has unusual 
ductility, has been drawn into wire as 
fine as 1 mil for greater yield of finished 
product from starting ingot. Check, 
send the coupon for details. 
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High-grade wear from lower-grade metals 
—with tungsten carbide coatings 


Bearings on the torque meter shaft of a 
turbo-prop aircraft engine gave only 50 
hours operating life, even though the 
bearings were heat-treated. The short 
life was caused by severe fretting corro- 
sion. Then the bearing surfaces were 
given a tungsten carbide coating with 
LINDE’s Flame-Plating process. Service 
life is now greater than 1500 hours. 

A critical tolerance had to be main- 
tained between a ball piston and the 
piston wall in a hydraulic pump. Car- 
bide inserts mating with steel balls 
proved unsatisfactory due to differential 
expansion at operating temperature. 
Carbide balls added considerable weight. 
The problem was solved with Flame- 
Plated steel bushings which had the 
correct expansion rate and a wear re- 
sistance equal to solid carbide—at con- 
siderably less weight. 


Aluminum toughened 


In another situation, aluminum rocker 
arms were being used in an aircraft 
heater mechanism to keep weight under 


| 





overall requirements. But, because of 
severe sliding abrasion, the relatively 
soft metal lasted only about 100 hours. 
When the wearing surface was given a 
precision coating of tungsten carbide, 
service life jumped to more than 1000 
hours. And the desirable light weight 
of aluminum was not lost. 

These are typical examples of how 
LINDE’s custom-coating service can be 
used to upgrade many ordinary metal 
parts by coating their wearing surfaces 
with tungsten carbide, aluminum oxide, 
tungsten, molybdenum, other oxides 
and materials. The thin coatings multi- 
ply wear performance many times over 
—but at the lower costs and with the 
retention of the other desirable proper- 
ties associated with the base metals. 

If you need technical information on 
particular problems with wear caused 
by abrasion, corrosion, erosion —even 
under conditions of severely high tem- 
perature, high load, or absence of lu- 
bricant or cooling—LINDE can help you. 
Check and send the coupon below. 





PHYSICAL DATA—FLAME-PLATED COATINGS 





COATING 


DESIGNATION Lw-1 LW-1N 


tw-5 LC-1A LA-2 





Tungsten 
Carbide + 6% 
to 8% Co 


Approx. Composition 


Tungsten Carbide 
by weight + 


13% to 16% Co 


99% +Al,0, 
(gamma) 


25% WC +7% 
Ni + mixed W-Cr 
Carbides 


85% Cr, Co + 
15% Ni-Cr 





Hardness Vicker's 1200 to 1450 


1050 to 1150 VPN 
(VPN 300) 70 to 71 R. 


1000 to 1200 VPN 850 VPN 1000 to 1200 VPN 





Maximum temp. in 1000°F 1000°F 


oxidizing atmosphere 


1400°F 1800°F 1200°F. to 
1800°F 





4.7 «10 °/°F 
Avg. 70 to 
1000°F 


4.0 x 10 °/°F 
Avg. 70 to 
1000°F 


Coefficient of thermal 
expansion 


6.4.x 10 6/°F 3.9 x 10 6/°F. 
Avg. 70 to Avg. 70 to 
1800°F 1832°F 


46x 10 °/°F 
Avg. 70 to 
1400°F 





80,000 to 
106,000 psi 


Modulus of Rupture 67,000 psi 


40,000 psi 75,000 psi 22,000 psi 





Modulus of Elasticity 44x 10° psi 42 to 40 x 10° psi 


17 x 10° psi 22 x 10° psi 16 x 10° psi 





Porosity 0.5% 0.5 to 1.0% 


0.5% 0.5% 1.0% 





Specific Gravity 14.2 13.2 


10.1 6.54 3.45 





Specific Heat 0.048 0.056 


0.070 0.127 0.196 





Thermal Conductivity 5.3 at SOO°F 5.3 at SOO°F 


3.8 at S00°F 4.3 at 500°F 0.86 at 500°F 





Excellent wear 
resistance + 
increased resist 
to mechanical 


Extreme wear 
resistance 


Main features 





and thermal shock 


Excellent resist 
to wear, chem 
attack and high 
temperature 
deterioration 


Good wear resist 
at high temp. or 
in corrosive media 
Resists flame 
impingement 


Excellent wear 

resist. to higher 
temps. Improved 
corrosion resist 








Linde Company, Dept. MD-81 
270 Park Avenue 
New York 17, N.Y. 


() LINDE Flame-Plated Coatings 
(J LINDE Alumina . :brasives 
() LINDE Arc Crystal Tungsten 
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CHECK—CLIP COUPON—ATTACH TO BUSINESS LETTERHEAD 


UNION 
CARBIDE 


Please send details on the items checked: Li N D E 
COMPANY 


“Linde” and “‘Union Carbide” are registered 
trademarks of Union Carbide Corporation 
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How 
to design 
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POWER 
into your —& _ 
products [i .— | [il 


Here's why ig rl | 
Kershaw Se 
Manufacturing Co. 
specifies 

International 





An International UB-220 gasoline engine powers this 

Kershaw Ballast Regulator. The.machine works in either 

direction, has forward and reverse speeds up to 26 , 
mph. Engine accessibility promotes quick and easy 

service—another International feature. 


ENGINEERING .. . chief Engineer John Holley backs up 

his preference for International power 
with these facts: “We specify International engines for our heavy-duty 
machines because they best meet the demands of the job. The wide range 
of sizes, choice of fuels, and power adaptability let us fit the engine to 
exactly meet machine requirements. Design problems are virtually elimi- 
nated, and we get excellent cooperation and assistance from IH engineers” 


SALES ...... . Vice President R. C. Crosby has this 

to say about the selling advantages of 
International power: “Kershaw customers want equipment that will de- 
liver maximum dependability at lowest cost. Our experience, over many 
years, proves that International power meets these high standards of effi- 
ciency. Also, replacement parts are readily available. Maintenance of RR 
right-of-way often takes our machines to remote areas, but IH engine 
distributors or dealers are always nearby’ 


PERFORMANCE... Measure the advantages of Inter- 

national power. First, you get a wide selec- 
tion of sizes—35 models from 16.8 to 385 max. hp—available in gasoline, 
LP gas, natural gas or Diesel. Second, you get dependable power that 
meets the most rigid performance requirements. Third, your product and 
reputation are backed by International’s widespread parts and service 
organization. 

When you specify International you get desirable engineering advan- 
tages and extra sales features, plus the built-in benefits that customers 
demand. Check the International line today, and find out how easy it is 
to design Sales Power into your products. Call or write to International 
Harvester Co., Engine Sales Dept., Melrose Park, IIl. 


INTERNATIONAL 


HH SSIES ~~ 


international Harvester Co., 180 North Michigan Ave., Chicago 1, Ill. 
A COMPLETE POWER PACKAGE 





The new “561” indicating controller responds to 

temperature changes of 0.1° or less! And is yours at a 

competitive price! These two features alone make it an 

instrument you should investigate... but there’s more! 

You can choose from five standard temperature 

ranges ... within the span of —50 to 600°F. Further- 

Here’s 0 1° more, scales start and end within your ranges, permit- 
° ting larger graduations, better legibility, easier read- 

out. And control and indication are separate but simul- 


Sensitivity at a taneous. Should your indication fail the “561” will 


continue to control with complete accuracy. 


‘} titi P . ! This precise instrument gives unvarying perform- 
ompe 1 lve Yr1ce ance. Its indication and control will not vary with fluc- 
tuations of input voltage nor changes in ambient tem- 

perature. It offers the option of either ON-OFF or 

P ee Pr proportional control ... has 10 AMP/120 VAC relay 

7a enwal s New 561 capacity. Smartly styled to complement modern indus- 


trial machines and interiors, the “561” offers you all 
Temp erature Controller these extras at a competitive price. 


A Fenwal engineer will be glad to supply informa- 
tion on the ‘561’, or any other temperature control in 
Fenwal’s broad line. Write Fenwal Incorporated, 198 
Pleasant Street, Ashland, Massachusetts. 


Another 
example of how 


CONTROLS TEMPERATURE... PRECISELY 
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New drill 


housing of 
ZYTEL’ 
NYLON 


insulates 


...e@liminates costly machining 


A basic design advance in power tools, 
this 4” drill is made with a noncon- 
ductive housing of Du Pont ZYTEL 
nylon resin. Double-insulated, it pro- 
tects the user against shock hazard. 
Other design advantages include a 
weight saving: the housing of ZYTEL 
is 20% lighter than a comparable 
housing of aluminum. It is self-extin- 
guishing. It stays comfortable to the 
touch in hot and cold weather and 
after prolonged use. It is rugged, dura- 
ble and impact-resistant. 

In addition, the use of ZYTEL affords 
substantial production advantages. 
The two halves of the drill housing, 


one of Du Pont’s versatile 
engineering materials 


operations 


though complex in design, are quickly 
and easily molded. The excellent di- 
mensional stability of ZYTEL assures 
a perfect match of each half for screw 
inserts, assembly and flange matings. 
And the housing requires no machin- 
ing operations whatever. 

Molded by Nylon Products Corp., 
affiliated with F. J. Kirk Molding Co., 
Clinton, Massachusetts, for Millers 
Falls Company, Greenfield, Mass. 

On the following page you will find 
additional examples of practical de- 
sign improvements made possible by 
the combination of properties that 
ZYTEL nylon resins offer. 





This oil slinger swirls oi] onto vital engine 
parts. It must be tough, resistant to impact, 
abrasion and attack by oil at high temper- 
atures. ZYTEL provides all these resistant 
properties and permits economical injec- 
tion molding of the part. (Molded by Sinko 
Mfg. & Tool, Chicago, Ill., and Danielson 
Mfg. Co., Danielson, Conn., for Briggs & 
Stratton, Milwaukee, Wis.) 


VAC) one of Du Pont’s versatile 


engineering materials 


Parts of ZYTEL* NYLON 


RESINS 


perform reliably under attack 
by heat, impact and chemicals 


These faucet-handle inserts are designed 
for interference-fit assembly and to act as 
an insulator against heat. These rugged 
parts of ZYTEL will withstand 116 inch- 
pounds torque at the stem between 20° and 
160°F. They are expected to give at least 
20 years of efficient service. (Molded for 
American Radiator & Standard Sanitary 
Corp., New York, New York.) 


An important factor in the design versatility of ZYTEL nylon resins 
is their ability to be molded to accurate tolerances without costly 
machining. Equally important is the wide variety of ZYTEL nylon 
resins available to meet special problems. All ZYTEL compositions 
have the basic properties of low friction, impact and abrasion re- 
sistance, high strength and resistance to chemicals. 

Du Pont ZYTEL may help you, too, to improve the performance 
or the economics of a part or product. The coupon below will bring 
you information relating to your own problem or field of interest. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. 1 
Room 2507Z, Nemours Building, Wilmington 98, Delaware. 


Please send me: 0 How 50 Manufacturers Used ZYTEL® Nylon 
Resins to Make Better Products 


O Designing with ZYTEL® 





I am interested in evaluating ZYTEL for 


Name Position 


Alathon’ - 








Company 





Street Address 





City Zone 


State 





Type of Business 





This compact switch relay uses parts 
molded of ZYTEL to withstand rugged treat- 
ment and yet operate quickly, smoothly 
and positively. Necessary in this applica- 
tion are good heat resistance, good elec- 
trical properties and high strength in thin 
sections. ZYTEL fills the bill. (Molded by 
Ritepoint Pen & Pencil Co., for Warco In- 
dustries, both of St. Louis, Missouri.) 


POLYCHEMICALS DEPARTMENT 


QU POND 


REG. U.S, PAT. OFF 


BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY 


y oe ee nylon resins 


Delrin Lucite 





WISTS 


RINGS 
IN YOUR 
PRODUCT? 


Let Amweld show you how much flash 
butt-welded rings can cut your costs! 


Amweld flash butt-welded rings will 
curb your ring costs two ways. One, 
you'll save on metal, because Amweld 
can form your ring from stock pro- 
duced to or near finished dimensions. 
Two, you'll save on machining, be- 
cause unnecessary metal is left at the 
mill—not machined away in your shop. 

Through close evaluation of circular 
components and assemblies and close- 
tolerance fabrication of rings, Amweld 
saved its customers more than one mil- 
lion dollars last year alone. Savings 
were recorded by manufacturers in al- 
most every industry—construction 
equipment, motors and generators, 
fabricated metal plate work, mechan- 
ical power transmission, transportation 
and materials handling, also jet en- 


gines and missiles where Amweld’s 
ability to flash weld exotic materials 
to exacting specifications offers proof 
of Amweld quality. 

Investigate now! To see how Am- 
weld saved Gar Wood 19% and 26% 
on rings for truck-mounted cranes, 
send coupon for your free copy of 
Amweld Application Study C-1. Then 
let your Amweld representative show 
you how much flash butt-welded rings 
can cut your costs on any part that’s 
round! 


(AMWELD: 


NDUSTRIAL PRODUCTS 





The American Welding & Manufacturing Co. 

904 Dietz Road, Warren, Ohio 

. g Yes, send Gar Wood Application Study 
<i along with full details on Amweld flash 

butt-welded rings as a cost reduction 

= 4 opportunity. 

Be 

Name & Title. 





Compan 





Address. 





City. 
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State. 








Amweld sliced 19% off the rough ring cost of the 50”-diameter, 1020 carbon-steel gear used in the Gar Wood crane’s rotating 
table. Savings on rings of 23” and 28” in diameter totaled 26%. Mail coupon today for the complete Amweld savings story. 
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lin 
BRASS 


The letterheads have been 
printed, signs made...and here 
we are wearing a new name. 
But in the mills things go on 
pretty much as they always 
have. We’ve put in some new 
machines and broadened our 
line... but essentially it’s the 


(Brass sales headquarters at East Alton, Illinois) 
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people at Western (oops!) 
Olin Brass that really make 
the product. They care. That’s 
the “Tailor-Made” approach. 

If you’re an old customer 
you know what we mean. If 
you’re not — ask one of our 
users. Chances are he’ll tell 


you the uniform quality and 
individual engineering of his 
metal has managed to save him 
money in inspection, fewer re- 
jects and less lost time. 

Olin Brass can do the same 
thing. 

We’re the same folks. 


METALS DIVISION Olin 
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50 Second 
= ! Contact 
convertibility 


Extensive tests have proven conclusively that the Bul- 


Why not give yourself a real surprise! We refer to the 
letin 700 Type BR relays are good for many—and we 


ease with which you can convert the contacts of these 


Allen-Bradley Bulletin 700 Type BR control relays. 
Using only a screwdriver, contacts can be changed 
from normally open to normally closed (or vice versa) in 
seconds— without removing the relay from its mount- 
ing—or its wiring. This ‘‘on-the-spot”’ convertibility 
certainly suggests an appreciable moneysaving reduc- 
tion in your relay inventories. 


mean many—millions of trouble free operations. A 
“‘built-in’”’ permanent air gap completely eliminates all 
possibility of magnetic sticking. Naturally, the double 
break, silver contacts never need attention. Also, the 
molded coil is your assurance that even the most 
severe atmospheric conditions cannot cause trouble. 
Please write for full details on these relays today! 


ee BUT HEAR THIS! 
= >). In the event that when ‘‘on-the- 
ie [ie (SIE |EIE job" it is discovered that some- 
area Bi, = thing was either overlooked or 
SD Ejees added, the standard Bulletin 
700 Type BR—either 2, 3, 4, or 
6 pole relay—can easily have 
added to its base, out in the 
field, either one or two switch- 
ing poles. It is done as easily 
as “falling off a log.” 


FIVE RELAYS 
IN ONE 

This shows howa | 

Type BR relay 

can be arranged 

to 

do the job of five 

different relays. 


3 N.C.—1 N.O. 3 N.O.—1 N.C. 


2 N.O.—2 N.C. 4N0. 


Waterproof 
NEMA 4 


General-Purpose 
NEMA 1 


~ ALLEN- BRADLEY 


Member of NEMA 


Explosion-proof 
NEMA 7 


QUALITY 
MOTOR 
CONTROL. 
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CONVAIR ERECTOR-LAUNCHERS RELY ON POWERFUL 
PHILADELPHIA GEAR DRIVES 


Atlas ICBM in stored position. Arrow points to heavy duty Philadelphia Gear hoist drive, 
which quickly erects missile to launch position for skyward voyage. Erector-launcher 
designed and built by Convair (Astronautics) Division of General Dynamics Corporation. 


Atlas can now lie low till needed . . . 
new hoisting mechanism eliminates massive gantry towers 


The Air Force has equipped itself with a new missile hoist mechanism 
which is both speedy and powerful. These two requirements plus ultra- 
reliability have qualified Philadelphia Gear Drives for the moments- 
notice job of erecting Atlas to launch position. The “Big Punch” is now 
stored horizontally. These erector-launchers are now operational at Atlas 
ICBM complexes at Warren Air Force Base, Wyoming. 


The Philadelphia Gear Drive is a standard, all-steel, parallel shaft re- 
ducer. Output torque is 634,000 lb/inches at 7% rpm, on low speed 
shaft; 1,250,000 Ib/inches under emergency conditions; ratio—234:1. 
All units are load tested to 300% of normal rating. 


Standard Philadelphia heavy-duty drives are right at home in any appli- 
cation that demands an extra margin of reliability. Our engineering 
specialists in all kinds of power transmission problems have made sure 
Philadelphia Gear equipment has more than kept the pace to help 
America keep the peace. To see what can be done in gearing today, 
write for our catalog “Philadelphia Parallel Shaft Speed Reducers,” 
No. H-58. 


philadelphia gear drives 


MEMBER PHILADELPHIA GEAR CORPORATION 


King of Prussia (Suburban Philadelphia), Pennsylvania 


August 3, 1961 Circle 236 on Page 19 





Special Diagonal Crimp Cross Rods* 
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give aaa METAL-MESH BELTS 


Muscle, Straight Travel, Low Cost 


Whatever the metal or mesh of the most frequently 
used weaves you require, a Cambridge Metal-Mesh 
Belt with Diagonal Crimp construction increases 
the efficiency of your operations three ways: 1—It 
can take heavier loads because of greater bearing 
area between spirals and crimped rods; 2—It travels 
straighter because of lateral rigidity; 3—It helps 
reduce operational and maintenance costs because 
it runs smoother, with less elongation. 


A complete line of Cambridge Belts is available in 
special and standard metals and alloys to meet your 
specific requirements, custom built with Diagonal 


Crimp, if you prefer, to insure the most efficient 
processing. 


Experienced Cambridge Field Engineers—experts in 
their field—are available to discuss your needs and 
help you select the belt best suited to your opera- 
tions. Or, they can offer you sound advice on the 
installation, operation and maintenance of your 
Cambridge Belts. 
soon. He’s listed in the Yellow Pages under “Belt- 


Talk to your Cambridge man 


ing, Mechanical’’. Or, write direct for free 130-page 
reference manual. 


The Cambridge Wire Cloth Co. 


DEPARTMENT N 2 


CAMBRIDGE 81, MD. 


Manufacturers of Metal-Mesh Conveyor Belts, Flat Wire Conveyor Belts, 
Wire Cloth, Wire Cloth Fabrications, Gripper® Metal-Mesh Slings 
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Today’s most Compact, Variable Speed 
Package Drive for constant H.P. 
and constant Torque loads 


New 
space-saving 
Cleveland 
motorized 
Speed Variator 


Now, for either OEM applications or to modernize existing ma- 
chines and equipment, these versatile, precision-engineered 8 
Variators can be used in place of larger variable speed drive units 
and their connecting electrical drives. If there’s room for a motor 
—an equally sized Cleveland will usually fit in the space. 


Here’s the complete Motorized Speed Variator story: 

e Requires only slightly more space than equally rated standard 
electric motor 

e Provides variable output speeds over 9:1 and 6:1 ranges 

eA complete line featuring 5 sizes from 44 to 15 HP 

e Integral “‘pancake” style AC radial air gap motors conforming to 
NEMA design ‘‘B”’ specification 

e Provides speed holding accuracy up to 0.1% with uniform loading 

er speeds smoothly and easily adjusted while operating under 
oa 


Variator is a true torque converter—provides high torque at 
low speeds ior constant HP applications. 

Utilizing the component you wish driven, Cleveland will design 
and build a complete compact pre-aligned and tested Speed Vari- 
ator drive assembly mounted on a suitable base plate. 

New Motorized Variators offer the ultimate in control versa- 
tility. They can be engineered for either manual, electrical or 
pneumatic operation. 

For Rasa y woe engineering information on the New Cleveland 
Motorized Speed Variator, write for free, illustrated bulletin Num- 
ber 275 or contact your Cleveland representative today. 


Cleveland Worm & Gear Division 


Eaton Manufacturing Company 
3288 East 80th Street ¢ Cleveland 4, Ohio 
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How The Speed Variator Works 


Power is transmitted through input 
shaft to a beveled drive disc in contact 
with axle-mounted alloy steel drive balis. 
Input shaft rotation causes balls to ro- 
tate about their axles. Power is then 
transmitted from all rotating balls to out- 
put shaft by similar ball-disc contact on 
the output side. Output speed is deter- 
mined by relative lengths of contact paths 
on input and output sides of the balls. 
By tilting both axles and balls, relative 
lengths of the two contact paths are var- 
ied to give increasing or decreasing ratios 
as shown on sketches. 


CLEVELAND 


oe VARIATOR 





YOUR OWN MEN CAN BUILD THIS PRECISION MACHINE FOR 
CUTTING COSTS IN DRILLING METALS, PLASTICS AND WOOD 





With only minor modifications, this basic SPOT-A- 
MATION IDEA has been used in many different plants. 
The unit shown here, in the plant of Kay Machine & 
Tool Products Co., Cleveland, Ohio, for example, is 
used to drill holes for cotter pins in aircraft bolts. The 
list of benefits belies its simplicity and low cost: pro- 
duction per man-hour is 66% better . . . tool life is 
greatly increased . . . rejects virtually eliminated ... 
and only a minimum of physical effort is required for 
what formerly was a very fatiguing operation. 

The machine is built around two compact interlocked 
Bellows-Locke Model 22A Drill Units — air operated, 
hydraulically controlled — mounted horizontally in op- 
posed positions. Automatic feeding, positioning and 
ejection could be incorporated easily by the addition 
of other Bellows “Controlled-Air-Power” Devices. This 
SPOT-A-MATION IDEA can be readily adapted to per- 
form a wide range of other operations, such as punch- 
ing, forming, riveting, crimping, etc., by using such 
other Bellows work units as The Bellows Air Motor® 
in place of the Drill units. 

This machine is typical of the ways cost-conscious men 
the world over are using Bellows “Controlled-Air-Power” 
Devices to secure faster, better, lower-cost production. 
Opportunities exist in your plant, too. Why not in- 
vestigate — today! 








THIS ‘‘SPOT-A-MATION 
IDEA”’ FILE IS 

YOURS ON 

REQUEST 


As shown in the photo above and “keyed” in the drawing, 

this y nen Sie drilling or oe consists essentially of 

two low-cost, air-operated Bellows-Locke Model 22A Comedie Initials iri ; d equi t list: 
Drill Units (A), a Bellows Electroaire® operating control }amgeytoorme pent nea bobege tren yerdsan jn go waa 0 
valve (B), two Bellows Hydro-Checks® which provide scores of similar ideas you can use. Write Dept. MD-861, Bellows- 
smooth precision operation (C) and a Bellows Lubri-Air® Valvair, Akron 9, Ohio 

Control Unit which cleans, regulates and lubricates the ; - : 

ial supply (D). Not visible is the foot-operated control 

pedal. 


697C-3 


Bellows -\/alvair 


AKRON 9, OHIO 
DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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BEARING 
WITH A 
RED HOT FUTURE 


MOTION ENGINEERING 
ys “Ty 


Advanced ball and roller bearing technology 
Circle 240 on Page 19 
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On special test equipment in S&SF’s research laboratory, 
experimental ball and roller bearings are run at tempera- 
tures up to 1000° F and above—conditions under which 
steel becomes red hot and loses its strength, while conven- 
tional lubricants burn or boil away. To meet these prob- 
lems, bearings made of special heat-resisting alloys and 
exotic new materials are tested and evaluated. New ideas 
in design and new approaches to lubrication are constantly 
being investigated. 

Bearings to resist extremely high temperatures are 
needed for improved, high performance jet engines, gas 
turbines and other equipment. Special S&S bearings have 
been tested successfully in environments at about 1000° F. 
Under certain conditions of operation, much higher tem- 
peratures are practical. 

Research like this is your assurance that SfSF will al- 
ways keep pace with demands for the highest possible 
performance in all major types of rolling contact bearings 
—ball, cylindrical roller, spherical roller, tapered roller 
and precision miniature. S&SF Industries Inc., Philadel- 
phia 32, Pa. 6103 





WHY RISK LOSS OF 
GEAR SHAPER PERFORMANCE ? 


Give your products all the high-production, high precision advantages 


of Fellows Gear Shaper performance by tooling up with Fellows cutters. 


The better design of Fellows cutters is the result of advanced 


engineering techniques, including the use of a high-speed computer 
for solving design and application problems. Their better quality 

is the result of constant advances in metallurgy and manufacturing 
methods. And, proof of their better performance are the thousands of 


Fellows cutters in use on modern gear production lines. 


Fellows cutters on Fellows machines lower costs and speed 
production on external and internal, spur and helical 
involute gears and a wide variety 

of non-involute shapes as well. All 

Fellows Offices are at your service 


for providing information. 


THE FELLOWS GEAR SHAPER COMPANY 
78 River Street, Springfield, Vermont, U.S.A. 
Branch Offices: 
1048 North Woodward Ave., Royal Oak, Mich. 
150 West Pleasant Ave., Maywood, N. J. 
5835 West North Avenue, Chicago 39 
THE 6214 West Manchester Ave., Los Angeles 45 


PRECISION 
LINE Gear Production Equipment 
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high temperature alloys 


A fast, easy and economical, new Carpenter test takes much of the guesswork out of hot working 
high temperature alloys. The results, when correlated with other Carpenter test data and mill experi- 
ence, reveal the best working temperatures—help forge shops get better finishes with less machine 


clean-up . . . less wasted steel . . . fewer rejects . . . faster fabricating. 


Based on tensile-impact . . . Using a modified tensile-impact test method, impact strength, elonga- 
tion and reduction of area in an alloy are determined over a range of temperatures. By plotting 
tensile-impact properties as a function of temperature, the hot working range of the alloy can 
quickly be established. (see chart) 

New, improved Carpenter techniques and quality controls like this, are your best assurance of easy 
forgeability and consistent uniformity in high temperature alloys. For details, or data on Carpenter's 
VACUMELTROL® and CONSUMET® vacuum melted products, call your Carpenter representa- 
tive today. 


[arpenter Ssiciat 


you can do it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
> \ Export Dept., Port Washington, N.Y.—““CARSTEELCO” 
a Alloy Tube Division, Union, N.]. 

Webb Wire Division, New Brunswick, N.]. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Hew LUCAS-ROTAX Aduscual 


HYDRAULIC PUMPS AND MOTORS 


compact design 


offer the most advanced 





Basic Pump 


PUMP DETAIL Fixed Stroke 





Fluid displacement (cub. ins./rev.) ..........000+ .278 
Nominal working pressure (peak) 5000 
(Ib. per sq. in.) (continuous) 4000 
Nominal speed (peak) 5000 
(r.p.m.) (continuous) 4000 
Input h.p. at 1,000 r.p.m. and 1,000 Ib. 
per sq. in. differential 760 
Mox. Torque (Ib./ft.) per 1,000 Ib. per sq. in. 
fluid pressure differential 4.0 


Weight (lb.) Basic Pump 
Operating temperature, ° F 














LUCAS-ROTAX IA4 pump, weighing only 8-'/4 Ibs., shown in 
comparison with comparable-capacity competitive pump. 


If you are interested in industrial 


hydraulic pumps or motors in the 1.5 to 
108 g.p.m. range at pressures to 5000 
p.s.i., you'll find more good design 
features in Lucas-Rotax pumps and 
motors than in any other quality line. 

Lucas-Rotax industrial hydraulic 
pumps and motors are smaller and lighter 
than conventional units with low noise 
level in spite of high operating speeds. 
They offer fast response rate in pressure 
compensation and the low and medium 


capacity units can be operated from 2- 
pole motors to reduce the cost of the 
prime mover. 

Pumps are available as variable 
volume, variable volume pressure com- 
pensated, overcentre cam (reversible) or 
fixed volume. Motors can be supplied in 
variable or fixed volume. Both pumps 
and motors deliver high performance 
with minimum maintenance. Available 
in quantity from domestic stock—call 
or write for technical data. 


Q product of creative enginecning by 


LUCAS- ROTAX 


BOSTON * NEW YORK «© CHICAGO « LOS LIMITED, TORONTO 
ANGELES * HOUSTON «© SAN FRANCISCO ¢ CLEVELAND ¢ JACKSONVILLE 
DENVER © SEATTLE © BALTIMORE * TORONTO * MONTREAL * VANCOUVER 


A member of the Lucas organization with 
OFFICES AND SERVICE DEPOTS 
THROUGHOUT NORTH AMERICA 
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Every sheet, coil or tubing ship- 
ment of Quaker State aluminum 
is now certified in writing. It’s 
your assurance that your order 
has passed our rigid standards 
of quality control to meet your 


exacting specifications. 


TESTED FOR POROSITY 
— One of the specific tests metal 
must meet, the test for porosity 
is made before a rolling ingot is 
cast. It assures you of aluminum 
that is free of gas pockets that 
would adversely affect the 


working qualities of the finished 
material. 


QUAKER STATE METALS COMPANY 


Lancaster, Pennsyivania 
A DIVISION of HOWE SOUND COMPANY 
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Mill Producers of Aluminum Sheet, Coil, Tubing and Extrusions 


ATLAS-CENTAUR 
KIGH ENERGy 
SPACE 
VEHICLE 





TITAN 
SURFACE ~TO- 
SURFACE 
BALLIStic 
MISSILE 


MERCURY 
MANNED 
EARTH-ORBITING 

CAPSULE 


SKYBOLT | 

AIR-TO-SUAPp 
BALLISTIC 
MISSILE 


‘Look who's specifying Snap-Tite Couplings! 


WHATEVER THE FLUID... FUEL, CRYOGENIC, HYDRAULIC 
OR PNEUMATIC...SNAP-TITE COUPLINGS CAN HANDLE IT 


Missile or space vehicle fluid—in fact almost any- 
thing that flows—can be (and is) handled through 
Snap-Tite quick connect, quick disconnect cou- 
plings, without contamination or loss. 

Handling highly volatile and corrosive fuels, 
oxidizers, and cryogenic fluids is routine, even 
though temperatures of the latter go to —320°F. 
Developmental work is also being performed down 
to —420°F. 


Hydraulic system pressures up to 4,000 psig (de- 
pending on surge conditions) and pneumatic system 
pressures up to 8,000 psig indicate the range of 
capacity and toughness of these couplings, available 
exclusively from Snap-Tite in 308,754 different 
combinations of size, end fittings and materials. 
Catalog 60, the most comprehensive ever published 
on quick connect couplings, provides detailed speci- 
fications and technical data. 


| For your own copy, write us on your letterhead. 
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WEAR RESISTANT 


THOMSON | 7 
— AVOID the HIGH COST 


and difficulty of fabricating 
long, hard & straight 
parts by 
conventional 
methods! 


SHAFTS, ROLLS, GUIDE RODS and other long- round EAS) 
ELIMINATE: WEAR and REDUCE COST 





ADVANTAGES 
of 60 Case 
e COST REDUCTION e GROUND FINISH 
¢ HARD BEARING SURFACE © STRAIGHT PARTS 

e DELIVERY FROM STOCK 


© NICK-& DENT-PROOF 
@ ACCURATE DIAMETERS e ADDED STRENGTH 
© UNIFORM HIGH QUALITY 


TYPICAL 60 Case PARTS 


E RODS ¢ SHAFTING ¢ ROLLS © TRAVERS 
ADER PINS ¢ TIE 


LRODS « GUID 


60 Case is the result 
of over 15 years of experi- 
mental work and production experi- 
ence with hardened and: ground shafts 
which are a requirement for BALL BUSHINGS, 
the Linear Ball Bearing manufactured by 
Thomson Industries, Inc. 


The special techniques and equipment that have been 
developed enable high production rates and low han- 
dling costs. This permits big savings over conventional 
methods which are plagued with erratic warpage, straight- 
ening and resultant grinding problems. Finished 60 Case 
parts frequently cost less than the scrap losses that result 
from conventional methods. 


60 Case material has a surface hardness close to 60 on the 
Rockwell C scale which is essential to resist wear. 
Long lengths of material ranging in diameter from “4” 
to 4” are stocked to enable prompt shipment of 60 Case 
parts, with or without special machining. Write for 

literature and name of your local representative. 


For emergency needs call collect 
MAnhasset 7-1800 





D 
PISTON RODS ¢ ARBORS « 
ING PINS ¢ AXLES ¢ CONT 

OLLERS ¢ SPIND 


MANDRELS * BEARING 
THOMSON INDUSTRIES 


Inc. 
Dept. C-5, Manhasset, New York 
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PARTS HARDENED to 60C... 


ae increase life...reduce cost! ff 


FOR EXTRA LOAD CAPACITY 
IN MINIMUM 
RADIAL SPACE 


MT SERIES 

Here is a compact bearing with high load-carrying capacity. Its full 
complement of race-width rollers is guided by an integral rail in the 
outer race bore, providing strength and skewing limitation that prevents 
binding under controlled misalignment. Rollers are guided at any opera- 
tional angle from horizontal to vertical — self-cleaning through open 
ends. Available with or without separate inner ring in shaft sizes from 
¥%” to 9144”. Dimensionally interchangeable with ordinary heavy duty 


needle bearings. 


CT SERIES 

Offer full type roller bearing capacity dimensionally interchangeable 
with ball and cylinder roller bearings of single and double row dimen- 
sions. The inner ring may be eliminated for further reduction of 


radia! space. 


McGILL MANUFACTURING CO., INC., Bearing Division 
200 N. Lafayette Street, Valparaiso, Indiana 
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SEALED—AND STILL COMPACT 


No extra axial space 

needed for the sealed 

SG series GUIDE- 

ROL bearing. Seals 

are press-fitted 

securely in the outer 

race bore to provide 

the same width and performance ad- 

vantages of standard GUIDEROL bear- 

ings. Contaminants are locked out, 

lubricants sealed in for those hard to 

re-lubricate applications. The SG series 

solves the problem of too-expensive 
auxiliary sealing assemblies. 


Write for McGill’s Bearing Catalog #52-A, IF is 
for engineering data with dimensional and 
capacity information on McGill needle type Pyaar 
roller bearings. Ask about special precision Bias 
ball and roller bearings. 


engineered electrical products 
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1. Pete Cruzen, development 
éngineer for Besser-Matic 
handling systems. Warner 
sales ertgineer is to.his left. 


2.£.W.Neumann, purchasing, 
sees Warner reliability con- 
trolling inventories. 


3. Del Fox, Besser V. P., Dis- 
tribution, relies on Warner 
quality in the field. 


4, Joe Pinson, Besser V. P., 
Service. 
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Elevator drive on Besser-Matic machine with Warner 


~? glectric brake which controls both up and downloads. 


Warner contro! panel with potentiometer used to 
adjust braking torque of electric brake when elevator 
hoists_or lowers varying loads. 


Elroy Bobolts, V. P., Engine 


Besser-Matic machine i 


\corporating Warner brakes. 


Besser incorporates Warner's spline drive electric brake. It provides automatic adjustmen 


armature life, reduces 


field maintenance drastically. 


How Besser uses Warner Electric Brakes 
and Clutches to design new selling advantages 
into their equipment 


Besser executives and engineers approached the 
problem of mechanizing and automating both 
their Vibrapac block machine and the Besser- 
Matic pallet-handling machine with several criteria 
in mind. Their customers needed controllability . . . 
versatility and reliability. Since incorporating War- 
ner electric motion control into their equipment, 
Besser service costs have been cut in half! 


On the Vibrapac machine, Warner electric brakes 
and clutches enabled them to deliver high-cycle 
output and upgrade performance several signifi- 
cant ways: 


1. High-speed electric braking accelerates machine 
cycle—permits more blocks per hour—with no 
sacrifice in quality and major reduction in culls. 
Vibrating time is constant—timesaving results 
from reduced cycling time. 

2. Direct electrical control allows timing of brake 
operation perfectly for automatic, but noninter- 
locked machine cycling. 

3. High heat dissipation and self-adjusting features 
permit continuous high-speed operation—keep 
maintenance to an absolute minimum. 


The Besser-Matic block handling machine, in- 
corporating Warner electric motor brakes, makes 
possible major savings in labor and maintenance 
while increasing output of quality blocks. Warner 
provides these selling pluses. 


The elevator used to raise and lower block pallets 
is controlled by a single Warner electric brake. 
When hoisting, the need for torque is at a mini- 
mum. When lowering the pallet, firm braking 
action is necessary. A simple potentiometer control 
allows torque settings to match up or down motion 
of elevator. One Warner electric brake controls the 
elevator in either direction. Full electrical automa- 
tion reduces maintenance and labor substantially. 


Concrete block machine buyers realize the advan- 
tages of improved control. How about your customers? 
Electric motion control by Warner is introducing 
major new areas of product improvement and 
salability for a variety of machine builders. Ask 
your Warner representative for a desk-top demon- 
stration of extra salability through advanced elec- 
tric motion control. Call or write today! 


W ArFME FP ELEC TFRIC 


WARNER ELECTRIC BRAKE AND CLUTCH CO., BELOIT, WISCONSIN 


Stocked by Distributors in Principal Cities Throughout the World 
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The Long-Range View 


EOPLE, according to Nicholas 

Murray Butler, are of three 

kinds: The few who make 
things happen, the many who watch 
things happen, and the overwhelm- 
ing majority who have no idea what 
happened. 

Some of those in the first group, 
such as engineer3, are also expected 
to know when things will happen. 
For them Raymond Brooke’s article 
in this issue presents techniques to 
replace the old crystal ball as a tool 
for accurate prediction. 

The tie-in between what and when 
prompts some additional reflections 
on the time cycle of planning. How 
many of those who “make things 
happen” today—business leaders, 
engineers, politicians—are guided by 
expediency, and how many by an 
earnest desire to build for the fu- 
ture? 

Corporate planning, for instance, 
today is often in the hands of pro- 
fessional managers. Incentives of- 
fered such a manager sometimes en- 


courage the fast-buck approach 
rather than the long-range view. 
The profit picture for this year— 
and maybe next year—may quite 
understandably govern his decisions. 

Building for the future includes 
building customer confidence in the 
integrity of a company’s products. 
Failures of equipment—industrial, 
military, consumer—too often can 
be traced to cost-cutting design com- 
promises imposed by management. 
But “the many who watch things 
happen” usually blame the engineer. 
As a result the engineering reputa- 
tion of the company, and the engi- 
neer himself, suffers. 

The engineer’s incentive, there- 
fore, should lead him to shun that 
sort of expediency. As Kettering used 
to say, we'll spend the rest of our 
lives in the future. So let’s build for 
it. 


bh Metta 


EDITOR 





Too often, the crystal-ball 
approach is used by engineer- 
ing managers in predicting 
project-development time. Re- 
sults are far from reliable. But 
this needn’t be a game of 
chance. Here’s how to lay a 
firm foundation for 


PROJECT 





Phasing the Project 
Exploratory Phase 


Statement of problem. 

Analysis of problem. 

Suggested solutions and alternatives, with sketches. 
Basic calculations and experiments. 

Analysis of results; proposed designs. 

Preliminary specifications and recommendations. 


Design Phase 


Rough layouts, including alternatives, for first model. 
Assembly layout, development of over-all scheme. 
Preliminary design layouts for detailing. 

Detail drawings for experimental model. 
Manufacture and testing of experimental model. 
Final design layouts, and appearance considerations. 
Detail drawings, schematics, parts lists, ete. 


Over-all check. 


Model or Hardware Phase 


Manufacture and assembly of components. 
Testing of components. 

Assembly of complete system. 

Test and performance evaluation. 

Modification and re-test. 

Final check, and release of specifications for pro- 
duction prototype. 
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RODUCTION control, time and motion study, 

and similar techniques have made it relatively 

easy to plan and expedite a job through the 
shop. Unfortunately, these methods do not lend 
themselves to design or drawing work. This is true 
mainly because much of the work involved in these 
methods depends on events that may take place at 
a date well beyond that on which estimates are be- 
ing made. 

The following method provides a practical means 
of predicting the course of events from beginning to 
end of an engineering project, and eliminates much 
of the guesswork on which project planning is fre- 
quently based. 


@ Basic Approach 


The chief engineer or project head should plan 
to revise his time-requirement estimates at reason- 
ably frequent intervals. Each revision, in the light 
of recent developments, will of course be more ac- 
curate than the previous one. 

Frequent reviews are a help in measuring progress. 
However, on a project which lasts, say, three years, 
it is difficult to make an accurate prediction of when 
the project will end. One way to solve this problem 
is to keep a graphic progress record of the project. 
This record should be such that nontechnical people 
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E. RAYMOND BROOKE 


Consulting Engineer 
London, England 


can easily understand it. Thus, some of the responsi- 
bility for an accurate prediction can be shared by 
company managers and by customers. 


@ Project Phases 


An extensive design project usually follows a 
recognizable pattern which consists of three main 
divisions or phases, as outlined in Phasing the Proj- 
ect. Although this categorical breakdown is well de- 
fined, in any practical case the phases overlap by as 
much as 70 per cent. 

To save time, and to quickly show tangible re- 
sults, it is common practice to start manufacture as 
soon as subassembly details become available, even 
though they have not been fully checked. This prac- 
tice is of questionable value. If carried too far, it 
can lead to much wasted effort. It is much cheaper to 
modify drawings than to modify both hardware 
and drawings. 

Although each phase is usually handled by a 
different group of people, the time overlap often 
leads to'a valuable interchange of ideas and informa- 
tion between groups. Thus, the project chief can keep 
abreast of developments, and step in whenever 
trouble occurs. 

The scope of this article is limited mostly to Phase 
2, the design phase. The methods outlined do not 
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PROJECT PLANNING 





lend themselves to Phase 1, since this activity is ex- 
ploratory, and events cannot be predicted with any 
certainty. Phase 3 is generally taken care of by time- 
motion study methods. It is assumed that Phase | 
is sufficiently complete so that Phase 2 can be started. 


@ Chart Preparation 


The first step in preparing “design and detail” 
charts is to break down the project into subassem- 
blies. These should be as self-contained as possible. 
Each of these subassemblies is then analyzed in the 
light of available facts. 

Next, separate estimates of design and detail man- 
hours are made. Allowance must also be made for 
the following factors: 


1. Parts lists 
2. Checking 
3. Modifications 
4, Vacations 
5. Ilness 

6. Printing and issuing of drawings 


Finally, an allowance of at least 15 per cent should 
be added to the total estimated design and detail 
time, to cover any unpredictable occurrences. 

The subassemblies are then listed, and design 
and detail times are entered and totaled, Table 1. 
These figures show the relationship of the design 
time required for the different subassemblies. They 
also give a balanced picture of the project as a 
whole. It is not important that the estimated time 
may fall short of the actual time required. What is 
important is that the figures represent the proportion 
of time required for each subassembly relative to 
the next, with at least some degree of accuracy. 

It is unlikely that all subassemblies can be worked 
upon simultaneously. Usually, the design of two 
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Fig. 1—Typical project sequence chart. The white 
lines represent design time; black lines detail time. 
Numerals represent the number of men necessary at 
various stages of each subassembly. Such charts lay 
a firm foundation for good project planning. 


or three of them must be nearly complete before 
the others can be started. Even if this were not true, 
manpower limitations usually prevent simultaneous 
work on all subassemblies. 

For these reasons, a sequence should be established 
soon after the man-hour estimate has been made. 
Then, a sequence chart can be drawn, Fig. 1. This 
shows how many designers will handle a given sub- 
assembly, how many detail draftsmen will assist 
them, and when the work will be completed. 

A listing such as this shows the entire project pro- 
gram at a glance. It also indicates when extra help 
is necessary, and where this help should be put to 
work, 

Unfortunately, since events have a way of choosing 
their own course, it is unlikely that the ideal program 
laid down in this chart can be followed in practice. 
Nevertheless, it is necessary to prepare it at this stage 


Table 1—Preliminary Design-Time Estimate 





Design Detail Total Total Time 
Subassembly Time Time Time (per cent of 
(man-weeks) (man-weeks) (man-weeks) over-all project) 





272 
116 
132 
260 
404 
376 





Total Design Time (per cent) 














Tire (weeks) 

















Work Completed (per cent) 


Fig. 2—Recommended form for a subassem- 
bly progress chart. If, at any point, it be- 
comes apparent that the target line is un- 
realistic, the target should be revised. 
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Fig. 3—Set of progress charts for all subassemblies in a project. Over-all progress 


is shown in the last chart. 


to pave the way for the next step, that of laying 
out progress charts. 


Progress Charts: Once a preliminary list, Table 1, 
has been drawn up, a chart can be prepared for 
each subassembly, Fig. 2. It is convenient to show 
time vertically, since the charts may then be con- 
structed side by side. Also, notes referring to changes 
in design, additional manpower, etc., can be written 
opposite a date without the risk of ambiguity. 

Data: The percentage of work completed can be 
estimated in three ways: 1. By asking the designer 
for his opinion. 2. By comparing the work done with 
what is known to be required. 3. By linear extrapola- 
tion of earlier estimates. The third method is not 
based on fact, of course, but together with the other 
two methods, it can be used to produce a reason- 
ably accurate figure. 

This figure is then plotted against the appro- 
priate date. The process is repeated about every two 
weeks. As the work proceeds, estimates can be made 
with increasing sureness and accuracy. The progress 
trend becomes reasonably predictable, and extrapola- 
tions can be made to indicate when design work 
will be completed. 

Target Lines: A plot of the original estimate of 
the time required to complete the design of a sub- 
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Dashed lines represent design; solid lines, detail. 


assembly is known as a target line (dotted line in 
Fig. 2). If the true-progress curve crosses the target 
line, this may be an indication that the target is 
unlikely to be met. 

The progress chart can, then, be used as a guide for 
overtime work or increased effort, or as a guide in 
revising the target date to allow for the trend of com- 
pleted work. 


Total-Progress Curves: Fig. 3 shows typical prog- 
ress curves for six subassemblies, A to F. The effect 
of setbacks and of redesign are shown for A and C. 
Individual graphs may be done in color. Suggested 
convention is: Red for design; blue for detail; yellow 
for target lines. 

The seventh chart in Fig. 3 shows the over-all 
progress of work in the design phases of the project. 
The chart is plotted weekly as the job proceeds. 
Each point on the chart is found by summing the 
progress of the six units along a common date line. 
This value is read from the conversion scale at the 
top of each chart. A total progress curve can then 
be determined from the proportional average of the 
figures for design and detail. 

Total-progress charts are particularly useful in 
quoting a numerical answer to the inevitable ques- 
tion about progress. But when such a figure is given, 
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it should be made clear that the curve from which 
this value is drawn is nonlinear. 

Subassembly Breakdown: Usually each subassem- 
bly must be broken down into smaller subassemblies. 
It is necessary, therefore, to make a progress chart 
for each of these subdivisions. 

Pearl-Reed Logistic Curve: Fig. 4 shows the total- 
progress curve plotted more conventionally, with 
time as the horizontal axis. Analyses of completed 
projects have shown that the total progress of large 
projects, such as the design of computers and cal- 
culators, follows a well-defined pattern. Their prog- 
ress curves parallel closely the logistic growth curves 
common to the growth of population and of living 
organisms. 

The logistic curve is a growth curve used to de- 
scribe functions which continually increase, gradu- 
ally at first, more rapidly in the middle growth 
period and slowly again, as the maximum is reached. 


Pearl- Reed logistic curve --~-- 
Total-progress curve 


~~ 
me 
1® 
Oo 
— 
© 
S 
2 
% 
O 
=x 
ee 
5 
= 


20 40 60 
Total Phase Time (per cent) 


Fig. 4—Total-progress curve and Pearl-Reed logis- 
tic curve, showing the similarity between the 
progress of a typical project, and the growth of 
population or of a living organism. 
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Fig. 5—Typical logistic curves, showing the over- 
lap of the three phases of a project. 


This curve, first used by Verhulst, has been applied 
extensively by Pearl and Reed to the population 
growth of various regions and countries.': 

The dotted curve in Fig. 4 represents a dimension- 
less plot of a Pearl-Reed curve typical of a large 
project such as a computer. Considerable evidence 
indicates that the progress of the individual phases 
follows a similar curve. Fig. 5, based on this assump- 
tion, shows how the three phases overlap in a typical 
case. Data are taken from a project which combines 
mechanics, electro-mechanics and electronics. 

If a project is sufficiently large, requiring, say, six 
or more men for at least a year, random variations 
offset one another. Thus, the rise and fall of design 
effort tends to follow the natural laws of growth 
which apply to organic processes. 


@ Prediction 


If a project is sufficiently large, certain empirical 
rules of prediction can be applied at definable points 
throughout the job: 

1. When the man-hours of Phase 2 (Design) 
equal those of Phase 1 (Exploratory) on a given 
date, a check point is reached. Let the time from 
the start of the project to this date be M weeks. 
Then, the time from the beginning of the project 
to the end of Phase 2 will be approximately 2.5 M. 
The end of a phase is considered to be at 97 per cent 
completion. Actual completion may not be reached 
for many months. The time between the start of 
the project and the end of Phase 3 can be estimated 
as 3.25 M. 

2. From the weekly plot of the total-progress 
curve, the time between the start of Phase 2 and 
50 per cent completion can be found. Fig. 4 shows 
that this point corresponds to only 44 per cent of the 
duration of Phase 2. Then, the duration of Phase 2 
equals 100/44 times the number of weeks required 
for 50 per cent completion. The estimated time from 
the start of Phase 2 to the end of Phase 3 = 1.4 
times the number of weeks required for Phase 2. 


© Reliability 


No exact method can be formulated to deal with 
a subject as intangible as prediction. But if the pre- 
ceding graphical methods are used throughout the 
project, an increasingly realistic understanding of 
job progress will result. These methods will prevent 
wildly optimistic predictions, which can cause later 
disillusionment. 

A basic assumption in this method is that the 
problem as a whole is capable of a practical solution 
with known techniques. Should this assumption be 
incorrect, of course, no methods of prediction would 
help. Similarly, highly complex problems will also 
cause the predictions to be over-optimistic. Early in 
Phase | the designers must have a reasonable idea 
of all the major problems. If this is the case, these 
methods can be used with confidence. 

1. R. Pearl—The Biology of Population Growth, Johns Hopkins 

Press, Baltimore, 1925. 


2. R. Pearl—Studies in Human Biology, Williams & Williams Co., 
Baltimore, 1924. 
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ty 
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Tapered clamping ring combines with snap rings and O-rings 
in a Y-shaped support to form a flush joint between the ends of two 
circular shells. Principle employed to obtain a smooth exterior sur- 
face of a submarine simulator designed by Clevite Corp., Cleveland. 
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Five natural frequencies 
are provided by the five unequal 
length fingers in a potentiometer 
wiper. Thus, a portion of the 
wiper will be in contact even 
though external vibration fre- 
quency may equal the natural 
resonant frequency of any one of 
the fingers. Contact-construction 
principle employed in a poten- 
tiometer by Hyres Electrical Div , 
Hydraulic Research and Mfg. 
Co., Sun Valley, Calif. 
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Powder is pumped by a progressing-cavity type rotary pump. Limited 
quantities of air are injected to keep the powder in a fluidized state. However, 
the pump creates the flow required to move the material through the line. Princi- 
ple employed in a fluidized conveyor by Moyno Pump Div., Robbins and Myers 
Inc., Springfield, Ohio. 
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Stand-by metal seals shut off fluid if primary nonmetallic seals are 
destroyed. Valve is used for control of flammable fluids in which fire might 
destroy the primary seals. Principle employed in a ball valve by Hills- 
McCanna Co., Carpentersville, Ill. 


Magnets support sheet during cut-off in a shear. During position- 
ing before shearing, the thin metal sheet is cantilevered from the cutting edge. 
The magnets furnish enough additional support to permit gaging. However, 
when the sheet is sheared, the magnets cannot support the entire weight, 
so the severed piece falls. Principle employed in a support by Niagara 
Machine & Tool Works, Buffalo, N. Y. 
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Wind-up increases tension 
in a brace to compensate for changes 
of loading produced when a weight is 
moved along the supported arm. 
When the weight is moved toward the 
outer end of the arm by the feed 
mechanism, connected gears apply 
more torsional preload to increase the 
tension in the support. Principle em- 
ployed in a machine tool by Societe 
Nouvelle de Construction de Machines- 
Outils et d’Outillage-Procedes CWB, 
Paris, France. 








ARAB A AAA 








Diaphragm-controlled orifice 
senses receiver air pressure to control | 
the inlet valves of an air compressor. = _~ Orifi me 
: rip i ne rifice 
When receiver pressure’ increases, the 
diaphragm-regulated valve opens 
slightly, providing the pressure neces- 
sary to hold open the compressor inlet 
valves. Thus, the compressor output Compressor 
is controlled to hold receiver pressure governor 
within narrow limits. Principle em- pieecatiais 
ployed in compressor governor by : 
Trymac Inc., Erie, Pa. Compressor 























Helically coiled lines for 
gas and water permit the head 
of a welding torch to be flexed. 
Thus, the torch can be bent by 
hand to the angle required for 
each job. Principle employed in 
an inert-gas arc-welding torch by 
Falstrom Co., Passaic, N. J. 


Spring filter, consisting of a 
wire coiled around a_ helical 
spring, can be cleaned easily by 
stretching the element to release 
the collected particles. Principle 
employed in a filter by Chrom- 
O-Lite Co., Minneapolis, Minn. 
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Face-sealed fitting uses pres- 
sure, rather than applied torque, 
to contain high-pressure fluids. An 
O-ring contained in a groove in the 
tail piece, functions as a simple sta- 
tic seal. Principle employed in fit- 
tings by Combination Pump Valve 
Co., Philadelphia, Pa. 
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Roller (short 
stroke position) 


Feed cam 
Drive shaft 


Roller (lon 
stroke position) 





— 


Motion multiplier permits quick adjustment for length of table stroke 
in a thread-rolling machine. For short strokes, a roller follower attached 
to the table is operated directly by a cam. For long strokes, the follower is 
repositioned to drive a gear sector whose motion is multiplied by a spur gears 
and a rack and pinion. Principle employed in a thread-rolling machine by 
Maschinen-und-Apparatebau Werner Plagemann, Berlin, Germany. 
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Cylindrical baffle in a water-brake ponents can be measured by programming 
dynamometer provides instantaneous the rate at which the baffle moves. Principle 
changes of applied load by axial movement employed in a dynamometer by Ferret Engi- 
of the baffle. Response lag in engine com- neering Co., Birmingham, Mich. 


Spring-loaded magnets 
sense diaphragm movement to 
provide a signal in response to 
pressure variations. In the nor- 
mal position, the larger magnet 
attracts the smaller magnet even 
though it is spring-loaded in the 
opposite direction. However, an 
increase in pressure forces the 
diaphragm and the larger mag- 
net away from the smaller mag- 
net. The smaller magnet then 
moves upward and operates a 
switch-actuating arm. Magnetic 
detent principle employed in 
pressure switch by Pall Corp., 
Glen Cove, N. Y. 
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Fig. 1—Preforming twists 
individual strands before 
they are wound into the 


Ships, shovels, cranes, and hoists—that's where most people finished wire rope. 


think wire rope is used. But wire rope and cable are also 
available as engineered assemblies for a variety of jobs— 
including ‘‘miniaturized'’ equipment where rope diameters as 
small as 1/32 in. may be used. New rope constructions and 
new types of end fittings pop up all the time; to keep track 
of all the variations now available would be almost im- 
possible. So here's a road map, as an aid in selecting and 
specifying 


J. E. HILSHER . 

American Chain & Cable Co. Inc. 
Wire Rope Divisions 
Wilkes-Barre, Pa. 
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IRE rope is versatile—it can be used to 

transmit motion through almost any plane 

or angle, to guy or tie down, to hold back, 
launch or control; to counterbalance; to guide or 
to lift; or to do hundreds of other jobs. It has a 
long life and needs little or no maintenance. In 
missile language, its reliability is in the optimum 
class—if chosen correctly. 

Stranding and “closing” machines which pro- 
duce wire rope are a half-block long, and operate 
at fantastic speeds. Obviously, machinery designed 
to produce rope by the mile cannot economically 
produce a few hundred feet of a special grade or 
special design, except at impossible cost. Specials, 
therefore, should have volume footage in the thou- 
sands, or selection must be made from standard 
types. To explain standard rope constructions ‘is 
one of the aims of this article. The other is to give 
basic information on design of wire-rope assemblies. 


> Specifying Wire Rope and Cable 


What features of wire-rope construction should 
a designer worry about? To start with, consider the 
terminology used to describe wire rope. It’s almost 
as long as the rope-making machine itself: 


000" 1/2" 6x25 FW Pref. IPS Reg. Rt. IWRD 


eel 





In order, here is what the terms mean and their 
significance in specification: 


(1000) 1/2" 6x25 FW Pref. IPS Reg. Rt. IWRC 


Length: Self-explanatory, limited by weight to 
handle or produce. Road scrapers, for instance, use 
500 ft on a spool attached to the machine itself. 
Rope of a length suitable to operate the equipment 
is unspooled and fastened, but not cut. Then, when 
the rope wears in service or breaks from sudden 
shock or overstress (say, from slamming into a 
buried boulder), a fresh length of rope can be 
reeved through, and the used portion cut off. This 
process is repeated until all rope on the payoff 
spool is used up. 

On the other hand, oil-well drilling usually uses 
5000 to 10,000 ft lengths, while oceanographic sur- 
veying employs 20,000 ft and up. Sheer weight 
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will set the upper limit to what can be handled 
practically. 

Length is affected by two kinds of stretch: Con- 
structional, and elastic. Constructional stretch is a 
slight, permanent elongation which occurs during 
the first application of load, and varies from 1/4, to 
1 per cent. Elastic stretch occurs when loads are 
beyond normal. If rope is not stressed beyond its 
elastic limit, it returns to normal length when the 
load is released. When wire rope loses its ability 
to stretch and return to normal length it is becom- 
ing, or has become, unsafe. Much equipment us- 
ing rope has some sort of takeup provision. 


1000'(1/2") 6x25 FW Pref. IPS Reg. Rt. IWRC 


Diameter: All wire ropes are intentionally made 
oversize. They tend to compact in service, so re- 
lated components such as sheaves, drums, pulleys 
and guides must take this into account. Normal 
commercial diameters and tolerances are shown in 
Table 1. 


100° 1/2"(6x25 FW)Pref. IPS Reg. Rt. IWRC 


Constructions: In the numerical classification of 
rope constructions, the first number is the number 
of strands; the second is the number of wires in 
that strand. Thus, “6x25” means six strands of 
twenty-five wires per strand. The “FW” denotes 
“Filler Wire,” a variation in the arrangement of 
the twenty-five wires. In this arrangement, Table 
2, tiny filler wires fill the voids between the large 
wires forming the outer and inner layers in each 


Table 1—Standard Rope Diameter Tolerances 
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Nominal Cable Plus 
Diameter Tolerance 
(in.) (in. ) 


Nominal Cable Plus 
Diameter Tolerance 
(in. ) (in.) 


—_ oS 0.031 
0.010 0.031 
0.012 0.031 


0.014 
0.016 
0.018 


0.018 
0.018 
0.022 
0.026 
0.030 
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strand. This arrangement gives good balance, holds 
roundness, and adds to strength. This particular 
design (6x25 FW) is an all-around “average” rope, 
having the best balance between resistance to bend- 
ing fatigue and resistance to abrasion; no other con- 
struction has as much of each property. 

If abrasion resistance is more desirable than flexi- 
bility, the filler wires may be left out, and the 
outer layer of wires in each strand increased in 
size while wires in the inner layer are made smaller. 
This construction is called “Seale” and produces a 
more rugged body; its larger outer wires being 
able to wear down deeper before breaking. It also 
withstands crushing action when wound in layers 
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on a drum. These advantages more than offset its 
lower flexibility. 

The number of wire combinations is practically 
limitless, and good theoretical reasons can be given 
for each arrangement. But before selecting an “ex- 
otic configuration” it would be better to analyze 
the characteristics of the basics, Table 2, one of 
which is bound to provide a design with sufficient 
operating economy for the job. 


1000' 1/2” 6x25 FW(Pref.) IPS Reg. Rt. IWRC 


Preforming: Most ropes are made by the preform- 
ing process, a means of mechanically imparting a 
permanent helical twist to each strand, Fig. 1. Thus, 
there is no “built-in” stress in the finished rope, and 





Table 2—Wire-Rope Constructions 
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Construction 


Typical Uses 





6x19 Seale 


Guy lines on towers, antennas, 
etc., standing rigging on yachts; 
tie-downs on cargo; transmission 
line supports; small assembly 
work where no bends are in- 
volved. 


Similar to 1x7 in usage but, 
in addition, is excellent for brake 
cables and other control-cable 
applications where no sharp 
bends are involved. 


Scraper and dozer cables; crane 
and shovel hoist and boom lines; 
dragline hoist ropes; small shop 
hoists; slings and assemblies. 


Draglines; logging ropes; rotary 
drilling; car puller and haulage; 
slusher mining; some assembly 
work. 


Standing rigging; guard rails and 
lifelines; some guying use; over- 
head door operating cables; 
widely used in operating as- 
sembly work. 


Similar to 7x7 in usage. Very 
popular in assembly work, air- 
craft controls, etc. This con- 
struction and 7x7 are the stand- 
ards in sizes under % in. diam 
for almost any wire rope ap- 
plication. 


Not a true rope, but a strand 
composed of seven wires. Avail- 
able in galvanized or aluminum 
coatings, also solid stainless. 


Another strand (not a true rope) 
composed of wires. Has 
greater strength than 1x7 and 
very little stretch. Available also 
in coated or stainless, 


Six strands of 25 wires each. 
Best average construction. A true 
rope, and one of the major 
classes of constructions loosely 
called “6x19.” More widely 
used than any other type. Avail- 
able in bright (uncoated) finish 
or galvanized. 


Six strands of 19 wires each. 
Another type in the 6x 19 class. 
Its larger outer wires provide 
greater resistance to abrasion, 
although not quite as much 
flexibility. Available in bright 
(uncoated) finish. 


Seven strands of seven wires 
each. If furnished with a hemp 
or fiber core, would be called 
“6x7 FC” but 7x7 is more 
desirable because of a 714 per 
cent strength increase and more 
resistance to crushing. Available 
in galvanized or stainless. 


Seven strands of nineteen wires 
each, the seventh strand forming 
the steel core as in 7x7. Both 
are extremely serviceable and 
vary only slightly in strength 
and cost. Also available in gal- 
vanized or stainless. 
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a better performing «nd longer-lived rope results. 
With few exceptions (some drilling cables, some 
elevator ropes) almost all wire rope today is made 
preformed. 


1000’ 1/2” 6x25 FW Pref. ([PS Reg. Rt. IWRC 


Grade: The bulk of commercial wire rope is made 
from Improved Plow Steel (IPS), a high-carbon 
steel with a tensile strength of about 260,000 psi, 
Table 3. IPS is a 15 per cent stronger grade than 
plow steel, which got its name from the original 
high-carbon crucible-furnace steel used to produce 
plowshares. Although IPS analysis is similar to plow 
steel, it has been subjected to more carefully con- 
trolled heat treatment and given severe size re- 
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duction in its final drawing steps. 

An even higher grade (15 per cent greater in 
strength than IPS) is Very High Strength (VHS), 
a fairly recent development for applications need- 
ing greater safety factors without a diameter in- 
crease (rotary oil-well drilling, for example) and 
the maximum in resistance to abrasive wear (drag- 
lines in strip mining through rocky overburden). 
VHS tensile strength ranges from 280,000 to 340,000 
psi, and even more precise control is used in its 
wire processing to attain the extra wear resistance 
desired. 

Each of these grades are usually furnished in 
wire rope with only lubrication as a surface treat- 
ment. This condition, called either “bright” or “self- 
colored,” means that no special metallic or chemi- 








Construction 


Features 





Dragline excavators; 


drivers; slope haulage. 


Winch lines; overhead cranes 
and hoists; large-diameter shovel 
hoist ropes; mining machines; 
some slings; towing hawsers. 


Tiller cables; elevator 
ropes; counterweights. 


Elevators; trip cables on shovels; 
taglines on cranes; small shop 


cranes and hoists. 


Lifting any unguided load by 
crane, hoist, derrick; “unguided” 
meaning without a tag line 
which prevents spinning of the 


load. 


holding 
and closing lines on coal bridges, 
dredges and skip hoists; pile 


hand 


In the center of each strand are 
six tiny wires in a triangular 
arrangement. Around this group- 
ing are twelve uniform small 
wires and around these are 
twelve more relatively large 
wires. This design provides a 
greater bearing surface for in- 
creased abrasion resistance. 

A variation, 6x25 Type B, re- 
places the triangular group with 
a single triangular “king” wire 
for even greater resistance to dis- 
tortion. These very compact ar- 
rangements give high resistance 
to bending fatigue. Available in 
bright (uncoated) finish only. 
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One of a basic class called 
“6 x 37.” Six strands each with a 
high wire ratio, 36, 37, 41, or 
46 per strand, govt greatest 
flexibility and strength. Avail- 
able in bright (uncoated) or gal- 
vanized finish. 


Six strands of 42 wires, each 
around its own hemp core and 
sharing a common large central 
hemp core. Available in bright 
or galvanized finish, also in 
stainless. 


Eight strands of 19 wires each. 
Greater flexibility than 6x19 
class but not as compact. Avail- 
able in bright (uncoated) finish 
and fiber core. 


Main feature: Nonspinning or 
nonrotating. Eighteen strands of 
seven wires each, with inner and 
outer strand layers in opposite 
directions. Under load, the in- 
ner strands tend to rotate in 
one direction while the outer 
strands tend to rotate in the 
opposite direction. These op- 
posite tendencies reduce spin 
tendency. Available in bright 
(uncoated) finish. Usually a 
fiber core rope. 
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cal coating has been applied to the wires. IPS is 
available with galvanized wires for potentially cor- 
rosive conditions (marine towing hawsers, fishing 
ropes, some drilling and mining with acid condi- 
tions), but special grease applied at the point of 
final twist during rope manufacture is usually suf- 
ficient both to lubricate the rope against internal 
abrasion and to protect it against normal oxidation. 

Two other grades are “Iron” and “Traction.” 
“Tron” is a misnomer; it is a low-carbon steel wire 
of about 100,000 psi—very ductile and able to 
undergo repeated bending stresses around small 
sheaves. Although largely replaced by Traction, 
it still remains effective for guys, tillers and sash 
ropes, 

Traction steel, between 180,000 and 190,000 psi 
tensile strength, gets its name from the traction 
type elevators on which it has found widespread 
acceptance as a hoisting rope. Its high resistance 
to bending fatigue and minimum abrasive force 
on tread surfaces of sheaves and drums are both 
of extreme importance for long life in elevator service. 

The grades just mentioned are the important 
groups used for construction, mining and industrial 
equipment in diameters from 1% to 3 in, However, 
other materials are available. Two of these—gal- 
vanized aircraft cable and stainless-steel aircraft 
cable deserve some attention because of their im- 
proved properties. 

Galvanized aircraft cable is constructed of high- 
carbon wires which have been hot-dipped in pure 
zinc after their final heat treatment, and then cold- 
drawn down to finished size. This cold drawing 
results in a wire ideally suited to the manufacture 
of a strong and corrosion-resistant wire rope. A 
lubricant, applied during fabrication, contributes to 
the cable’s corrosion-resistance, remains plastic at 


Table 3—Strength and Weight of Improved 
Plow Steel Rope* 
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6x37 Class, Steel Core (IWRC) 

Minimum 

Breaking Weight 

Strength Per Foot 
(tons) (Ib) 


6x19 Class, Steel Core (IWRC) 
Minimum 
Breaking Weight 
Diam Strength Per Foot Diam 
(in. ) (tons) (Ib) (in. ) 


2.94 0.11 % 2.78 0.11 
4.58 0.18 4.33 0.18 
6.56 0.25 6.20 0.24 
8.89 0.34 8.41 0.33 
11.5 0.44 , 11.0 0.43 
14.5 0.56 13.9 0.54 
17.9 0.69 17.0 0.67 
25.6 0.99 24.3 0.96 
34.6 1.35 32.9 1.31 
1 44.9 1.76 1 42.8 1.71 


. 1% 56.5 2.23 1% 53.9 2.16 


1% 69.4 2.75 1% 66.1 2.66 
1% 83.5 3.33 1% 79.7 3.22 
1% 98.9 3.96 1% 94.5 3.84 


Right Lay, Regular Lay 


Lett Loy, Regular Loy 


FR 


Right Lay, Lang Lay 


Left Lay, Lang Lay 


Fig. 2—Lay of a wire rope denotes direction of wire twist 
in the strands, or strand direction in the rope. 


—67F, and will not flow out of the cable at tem- 
peratures to 160 F. 

Galvanized aircraft cable gives high efficiency at 
low cost. For example, Table 4, a 14-in. diameter 
in 7x19 construction can stand a 1-ton load before 
breaking, yet costs well under 10 cents per foot. 
Almost 5 tons of strength can be packed into a 
diameter of only 5/16 in. at little more than 15 
cents per foot. 

A step up in sophistication are pure stainless- 
steel cables, Table 5. The cables in Table 5 are 
either Type 304 or 302 stainless steel. Type 304 is 
used for wire sizes up to 0.021 in. because it can 
be cold worked into fine wires. Type 302, used for 
wires 0.021 in. and larger, has sufficiently high 
tensile properties and cold working is not as severe. 
Both types are magnetic and cold working increases 


Table 4—Strength and Weight of Galvanized 
Aircraft Cable* 





Leg Deri 


7x19 Construction 
Minimum 
Breaking Weight Breaking Weight 
Diam Strength per 100 ft Diam Strength per 100 ft 
(in. ) (Ib) (Ib) (in. ) (Ib) (Ib) 


7x7 Construction 
Minimum 





270 0.36 
480 0.75 
650 1.1 

920 1.6 th 
2.2 

2.8 % 

4.3 fa 

3700 6.2 fe 

4800 8.3 RS 

6100 10.6 % 

7600 13.4 ts 

9200 16.7 ts 

11,100 20.1 i 

13,100 23.6 % 





*Federal Specification RR-W-410a applies. 
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*Military Specification MIL-W-1511A applies. 
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Galvanized 
Heavy Thimble 


Fig. 3—Hand-splicing of wire rope is now largely replaced 
by other methods of end fitting. 


this property. 

For work in proximity to instruments, Type 305 
stainless is available. This nonmagnetic type has 
a permeability factor of less than 1.5 when tested 
in a field strength of 200 oersteds. Strengths of 
Type 305 are about 25 per cent less than galvanized 
aircraft cable, Table 4. 

Some bronze ropes are also available for marine 
use, and monel metal has occasionally been used 
for corrosion resistance. Not all materials lend 
themselves to the exacting requirements of good 
rope wire—strength, toughness, resistance to wear, 
and endurance life. The ability to retain these prop- 
erties after successive cold working in the evolu- 
tion from billet to rod to finished wire has ruled 
out most other metals. 


1000" 1/2" 6x25 FW Pref. IPS(Reg.) Rt. IWRC 


Lay—Regular or Lang: “Regular lay,” as opposed 
to “lang lay,” denotes the direction of wire twist 
in the strands, Fig. 2. Forget it unless you get into 
large shovel ropes or drag lines. The lang twist 
presents more area to the surface and thus resists 
wear longer. 


1000° 1/2” 6x25 FW Pref. IPS Reg. (Rt) IWRC 


Lay—Right or Left: This is direction of strand 
lay. Most ropes are made right lay and will be fur- 
nished that way unless specified otherwise. Assem- 
bly ropes used in pairs are sometimes furnished 
with one right lay and the other left to counter- 
act twist. 


1000° 1/2” 6x25 FW Pref. IPS Reg. Rt.CIWRC 


Core: Independent Wire Rope Core (IWRC) is 
one kind of central rope member. In 7x7 and 7x19 
types the core is merely a seventh strand identical 
to the six outer strands. However with IWRC the 
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Closed 


Fig. 4—Socket-type end fittings are attached to the rope by 
pouring molten zinc around a frayed rope end, using the 
socket as a mold. 


core member is actually a separate steel wire rope 
and provides a firm base to resist crushing action 
from the strands wrapped around it. An increase 
of about 10 per cent in weight and 7!/ per cent 
in strength is provided over an FC rope. 

“FC” means fiber core. For small-diameter ropes, 
the fiber core may be cotton or treated paper. For 
larger ropes, especially operating ropes not requir- 
ing the resistance to crushing given by an IWRC, 
sisal, hemp or jute-fiber ropes are used. While such 
cores have the appearance of an ordinary hemp 
rope, they are made to close standards on size tol- 
erance, lay length, and unit weight. 

Fiber cores like steel cores, are well-lubricated to 
keep them pliable. But they can char or rot and 
should nevér be specified where heat is present. An 
IWRC all-steel core is always recommended for 
elevated temperatures. 

“PC,” or plastic core, is an extruded, solid, rod- 
like plastic which sometimes takes the place of fiber- 
core ropes in drilling conditions where well acids 
would attack hemp fibers. However, a solid core 
has an undesirable “springy” tendency which does 
not occur with the woven fiber construction. 

Plastic-impregnated fibers seem a logical com- 
promise and have undergone field tests. The final 
answer may lie in some form of all-plastic woven 
structure, and current research is very promising 
in this direction. 


> Design of Assemblies 


A length of wire rope becomes an assembly when 
its ends are altered by some form of splice, or by 
the addition of fittings—applied by hand or ma- 
chine. When an assembly with loops is needed, the 
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Table 5—Strength and Weight of Stainless 
Aircraft Cable* 
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7x7 Construction ———— - 7x19 Construction odin’ Ms Dhan Pate tomer tes Aa Ne ee mn > 
Fig. 5—Clips are mostly used for field attachment. Ad- 
vantages include easy attachment by hand. 


Minimum Minimum 

Breaking Weight Breaking Weight 
Diam Strength per 100 ft Strength per 100 ft 
(in.) (Ib) (Ib) (ib) 


(Ib) 


110 0.18 
270 0.36 
480 0.75 
650 1.1 te sien 
920 ; 920 
1260 ; 1260 
1700 1760 
2600 2400 
3700 . 3700 
4800 5000 
6100 . 6400 
7600 : 7800 
9100 : 9000 
10,800 10,500 
12,600 ; 12,000 
16,300 
22,800 
28,500 
35,000 
49,600 
66,500 
1 85,400 Fig. 6—Metal collars, pressed around the loop, form me- 
1% 106,400 chanical endings, a4. One variation, b, uses two collars and 
1% 129,400 special method of handling dead-end strands to develop 
1% 153,600 high strength. 
1% 180,500 420 


ae Se a Se oe Se KS Se eS 


eo 
~ 





*Military Specification MIL-C-5424 applies. +3x7 construction. 


buyer moves into a nightmarish world of fast-obso- 

Table 6—Length Tolerances for Wire lescing types and almost identical loop-forming de- 
Rope Assemblies vices, each touting its superiority and interchange- 

oe able virtues. For every retired sea captain who 

—Aireraft Cable— Rope——_—_——— ceases to splice by hand, some form of mechanical 
IE tama 0 ending springs up to take his place! Fortunately, 

Plus or Plus or Plus or peace of mind is quite easily achieved by sticking to 


Minus Minus Minus standard devices. 
Length Tolerance Length Tolerance Length Tolerance 


(ft) (in.) (ft) (in.) (ft) (in.) 


— ————__— Hand-Spliced Endings: A loop is formed, the 
0-20 0.12 0-5 0-5 > H se ” 
few cas raat cd rope s strands are opened up and spliced or “tucked 
40-60 0.25 10-20 10-20 back into the main rope body, Fig. 3. Because the 
aia 0.38 20-40 20-40 splice efficiency depends entirely upon the skill of 

Over 90 0.50 40-60 40-60 h d : h li : thi t d t 

60-90 60-80 the person doing the splicing, this type does no 
90-200 90-200 consistently produce the rope’s full strength. Under 
peo ptrberininsi a tension load the splice may part at a stress lower 
than the rope’s rated strength, and surely less than 
the actual strength of the rope. Hand splicing in 
Table 7—Minimum Pulley and Sheave Diameters* smaller diameters is almost entirely replaced today 
, saan with mechanical endings, and is neither neat, fast 


Nominal Economical Min Critical Min or cheap. 
Rope Diameter Diameter 
Diam 7x7 7x19 1x7 7x19 








ee KK 


NON 


_ 





Zinced Endings: There are three types: 1. A but- 
a 1% - ton or cone formed from molten zinc is poured into 
24 ~p < itt a mold in which a frayed rope end has been in- 
6% 3% 4% 2% serted. 2. A ferrule is used as the mold and stays 
T% 4% 3% on after pouring the zinc. 3. Sockets are used in- 
- - a stead of the ferrule, Fig. 4. 

13% 7% 8: 5% An “open” socket has ears to hold a pin and 
ome ; me cotter. A “closed” socket has a “bail” (loop). Both 
21 9 are heavy forgings and find wide-spread use. 


All three zinced-on types need a good deal of 


9 
2 5 





*All dimensions in inches. 
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(A) 


Typical swaged assembly. Method of 
measurement is from center of yoke 
pin holes to center of straight hole 


eye. Here, fittings are at right an- 
gles to each other. 


(B) 
Lug or Button: The simplest of 
swaged ending, designed so that a 
minimum-length fitting will de- 
velop full rope strength, but the fit- 
ting can be lengthened if necessary. 
May be drilled, slotted or grooved 
after swaging. May also be placed 
on rope at intervals for conveyor or 
drive use. All sizes. 


(C) 
Threaded Sleeve: A variation of the 
lug, furnished with or without wrench 
flats. Both flats and threads are 
formed after swaging. In volume 
runs fittings can be prethreaded, in 
which case a longer shank is swaged 
up to the threaded area. All sizes. 


(D) 
Threaded Hex Sleeve: Produced from 


hex bar stock. Threaded after swag- 
ing. All sizes. 
(E) 


Round Eye: A popular commercial 
style. Dimensions are similar to 
round eye bolts. Also available in 
oval shape. Sizes Yg through 4 in. 
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(F) 
Straight Hole Eye: Very compact 
with good provision for swiveling a 
mating part in one plane. Sizes 
3/16 through 4 in. 


(G) 
Yoke, or Clevis: May be furnished 


with pin and cotter or bolt and nut. 
Sizes Yg through 1 in. 


(H) 
Hook: May also be furnished with a 


safety snap across hook throat. 
Sizes Yg through 1 in. 

(1) 
Plain Ball: Stainless steel, except for 
3/g-in. size which is mild steel, cad- 
mium plated. Sizes 1/32, 1/16 and 
3/32 in. develop 80 per cent of rated 
rope strength; sizes Yg through % 
in. develop 60 per cent. 

(J) 
Single-Shank Ball: With a shank, 
this ball design will develop full 
rated rope strength. Aeronautical- 
Navy Standard part number is AN- 
664C. Stainless steel in sizes up to 
Yq in.; sizes over Y% in. are mild 
steel, cadmium plated. Sizes 1/16 
through 3/4, in. 

(K) 


Strap—Fork End: This open clevis- 
type fitting swivels on an AN-664C 
single-shank ball and is made of 
stainless steel. Mates with AN-668 
and is interchangeable with AN-667. 
Sizes 1/16 through 3/16 in. 


Strap—Eye End: Similar to fork end 
type except clevis ends are closed 
together. Mates with AN-667 and is 
interchangeable with AN-668. 

(M) 
Threaded Sleeve (AN-666): Stainless 
aircraft fitting, also popular for in- 
dustrial use. Unless otherwise speci- 
fied, a right-hand thread is furnished. 
Sizes 1/16 through 1 in. 

(N) 
Fork (AN-667): Stainless-steel air- 
craft type, also used for industrial 
products. Should be specified for 
procurement from a qualified pro- 
ducer (JAN-T-781, Amendment 3) to 
insure that head has been coin- 
pressed for strength; otherwise eye 
may distort under load. Sizes 1/16 
through 1 in. 

(O) 


Eye (AN-668): See Fork (AN-667). 
Mates with AN-667. 

(P) 
Turnbuckle End (AN-669): Stainless 
steel and right-hand threads are 
normal. Mates with AN-155  turn- 
buckle barrels. Both long or short 
shanks can be furnished. Sizes 1/16 
through 1 in. 


Noite: AN part numbers (not designs) are 
being revised to conform to the Military 
Standard (MS) code. For example, AN-667 
will become MS-20667. 
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preparation—the rope’s ends must be _ properly 
“broomed out” (frayed), cleaned with acid, and 
straightened—a slow and expensive process. How- 
ever, a properly made zinced socket remains the 
standard for testing rope maximum strength be- 
cause its efficient test results have never been con- 
sistently duplicated. 


Specialty Endings: Clips (U-shaped bolts with 
a grooved base and nuts to tighten) and other 
similar grooved devices fit around a rope to form 
loops, or to provide endings similar to zinced sock- 
ets, Fig. 5. These types are fine for emergency field 
attachment. But disadvantages include high cost, 
bulk, poor adaptability to a variety of mating parts, 
need for hand manipulation and tightening, possi- 
bility of working loose under load or vibration, 
and difficulty in adjustment. 


Mechanical Endings: Considerable strides have 
been made in the last decade in the use of mechani- 
cal presses to force a metal collar (sometimes steel; 
sometimes aluminum) into position around the 
loop, Fig. 6. 

In one ingenious refinement, Fig. 6b, two col- 
lars are used after the strands on the rope’s dead 
end have been opened up and laid back and 
around the surface of the main rope body. This 
style, which does not disturb the basic rope struc- 
ture furnishes full rope catalog strength. So will 
some single-collar endings in smaller sizes. Still an- 
other type uses a partial splice in the loop in ad- 
dition to a single collar. 

All are best for slings, not assemblies, unless a 
simple loop is desired for the assembly ending. In 
this case, it is best to provide protection for the 
loop against abrasion, and for this, a “thimble” is 
used—a metal strip bent to fit a small rope loop. 


Tips and Techniques 


Swaged Endings: Swaging is the cold-flowing, 
under pressure, of metal fittings into the rope body, 
between strands and wires. This pressure, applied 
by press or by rotary swagers, elongates the fitting 
but forces its metal inward so that the bond be- 
comes permanent and compact, yet as strong as 
the breaking strength of the rope. 

The swaged ending, Fig. 7, doesn’t work loose 
and needs no tightening. A variety of styles are 
available at low cost. Fine or coarse adjustment 
can be provided for, and it is not affected by ex- 
tremes in temperature. 


Specifying Swaged Assemblies: Match the dimen- 
sions of mating parts to standard rope endings for 
lowest cost. If full rope strength isn’t needed, shanks 
can be shortened for possible economy in produc- 
ing the fitting, or in the labor costs to swage. 

Be sure the rope description is complete. Include 
MIL specifications if necessary. The swaging speci- 
fication, MIL-T-6117A, will guarantee certified test 
results from destruction tests. 

Standard length measurement is from center of 
pin holes, inside bearing points of round and oval 
eye types, outside threaded sleeve ends, and center 
of ball types. Show measurement points clearly on 
drawings. Specify whether fittings are to be in the 
same plane or at right angles to each other. 

Keep length tolerances liberal for lower pro- 
duction costs, Table 6. 

If no finish is specified, most endings will be 
supplied uncoated. Specify stainless lugs or sleeves 
if stainless cable is used. Some eye endings will 
have to be cadmium plated or electrogalvanized 
since they are seldom available in stainless—unless, 
of course, thousands are needed, in which case it 
would be practical to produce dies or tooling. 


Pulley and Sheave Diameters: Keep diameters 
large enough to provide proper groove support to 
the rope. Recommended minimums are in Table 7. 





Interpolating Tabulated Functions 


A relatively simple method can be used to inter- 
polate a tabulated function, provided that the first 
derivative of the function can be found. It is much 
more accurate than linear interpolation. The desired 
interpolated value, F, is calculated from 


FP=T+k(L—T) 
where 
T = f(xo) + kh(df(x%o) /dx) 
and 
L= Xo +- k(x — Zo) 


In these equations, f(x) is the nearest given value 
to the one desired; h is the spacing of the independ- 
ent variable (x9, x;) in the table; k is the fraction of h 
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needed to obtain the necessary value of the inde- 
pendent variable. 
EXAMPLE: From a table of damped oscillations, 


e€* COS & 
0.6174 


x e-«(cos x — sin 2) 


a) = 04 0.3564 
a, = 0.5 0.2415 








find the value of e* (cos x — sin x) for x = 0.43. 
Derivative of the function is —2e* cos x. Then, 


T = 0.3564 + 0.03(—2 X 0.6174) = 0.31936 


and 
L = 0.7(0.3564) + 0.3(0.2415) = 0.32193 


Hence, 


F = 0.7(0.31936) + 0.3(0.32193) = 0.3201 


This value is exact to four places—S. J. BECKER, 
Westinghouse Electric Corp., Pittsburgh, Pa. 
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Techniques for designing 


Inserts 


Light-Metal 
Castings 





RUSSELL H. GARNER Fig. 1—Shaft inserts in light-metal castings. Light-duty 

Servionic Instruments Inc., Costa Mesa, Calif. shaft, a, can be plain or have machined slot (dotted) for 
rotation resistance. For greater rotation and pull-out resist- 
ance, shaft is knurled, 6, machined, ¢c, or upset, d. 


LUMINUM or magnesium-alloy parts often 
A can be cast as subassemblies that incorporate 

inserts of other metals. Correctly designed, 
such assemblies provide shrink fits with greater 
holding power between components than machined 
press fits. This article illustrates general design 
methods for combining several types of inserts with 
light-metal castings. 

Inserts can be mild steel, tool steel, copper, brass, 
stainless steel, or even aluminum alloys. Inserts 
may be plated with nickel, chrome, or copper. Met- 
als with low melting temperatures such as zinc or 





| 





cadmium cannot be used for plating because of the 
heat of casting. Also, metals whose mechanical 
properties may be altered by the temperature cannot 
be used for inserts. 

Metal inserts must be free from oil, grease, paint, 
or any substance that vaporizes below 1000 F. Some- 
times, normal degreasing alone is inadequate to re- 
move mill-applied protective coatings. An effective 
way to remove such coatings is to burn them off. 


Shafts: Among the most commonly used cast-in 
inserts are steel shafts. For a light-duty applica- 
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Fig. 2—Sleeve-bearing insert in wheel. 


Fig. 43—Cast-in liner in air-cooled cylinder. 
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tion, a plain, round shaft can be cast into the as- 
sembly. Or, the end of the shaft can be keyed to 
increase resistance against turning, Fig. la. To 
insure a solid casting, the thickness of the cast metal 
at the end of the shaft should at least equal the wall 
thickness around the insert. These thicknesses should 
be at least 1 in. 

Heavier duty applications require greater assurance 
that the shaft will neither rotate nor pull out-in serv- 
ice. Typical shaft modifications include: 1. A coarse, 
shallow knurl on a round shaft, Fig. 1b. 2. A square 
bar with a shallow radius cut around it, Fig. lc. 3. A 
round shaft with grooves stamped at 180 deg, Fig. 
Id. In this case, the unstamped areas bulge to 
further increase holding capacity. Because molten 
metal fills shallow curved surfaces best, grooves with 
sharp corners should be avoided. 


Bearings and Sleeves: Plain bearings, either ma- 
chined or powder metal, can be cast in aluminum 
wheels or pulleys as shown in Fig. 2. When such 
bearings are of the oil-impregnated type, they are 
purchased in the “dry” condition. Otherwise all oil 
must be burned out of the insert before casting. The 


Tips and Techniques 


Fig. 4—Typical linkage attachments. 
Clevis, a, is cast around gear rack; 
ball joint, 6, is inserted in cast pad. 





shrinkage of the aluminum around the insert pro- 
vides a tighter fit than a machined press fit. 

A similar application is that of steel inserts for 
air-cooled aluminum outboard-motor cylinders, Fig. 
3. Liners or sleeves can incorporate precut ports 
which are positioned in the mold by cores. The 
cast-in cylinder sleeve is finish-machined as a final 
operation, along with the lower face of the casting 
and the exhaust-flange face. 


Attachments: Insert applications also extend into 
assemblies for linking and positioning of components. 
Typical examples of these are a clevis member cast 
onto a square rack, Fig. 4a, and a ball-joint insert, 
Fig. 4b. 

The ball-joint assembly differs from most insert 
applications in that the parts must move with re- 
spect to each other in service. The ball portion is 
heated and sprayed with colloidal graphite be- 
fore it is placed in the mold. After the assembly 
is cast, machine oil, applied to the ball, allows it to 
move freely. The thickness of the graphite coating 
on the ball can be controlled to produce a tight or 
a loose fit as desired. 





Freehand Perspective 


To ensure a reasonably good-looking perspective 
drawing, first draw a circle and cut it with a diam- 
eter, as shown, representing a horizon line. Use 
points | and 2 as vanishing points. As long as the 
drawing is somewhere within the circle, which repre- 
sents a cone of vision, the sketch will have reason- 
ably good proportions—ALLeEN R. JouHNnson, Tor- 
rance, Calif. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten doliars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Bidg., Cleveland 13, O. 
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Magazine carrier 
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Frame 
Substrate platen holder 


direction 


Jukebox in a Vacuum 
Swaps Masks by 
Remote Control 


SEVERAL masks are used—one after the other—to make the 
complex printed circuit needed for a cryogenic memory 
unit. Masks are selected and positioned in the evacuated 
spray chamber by a remotely controlled device that looks 
like the works from a juke box. Four mechanical drives 
operate through an air seal to transmit the necessary 
motions. The moving parts are protected from vapor spray 
by sliding louvers. Mask changer was developed by the 
International Business Machines Corp., Kingston, N. Y. 





@Mask positioning — 
Fingers pull mask under platen 





y 


@clamp ond va Be sin. 
Toggle links press platen RUS a 


firrnly on mask Sp 
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Stamp Dispenser 


TOUCH of a button starts operation of a new stamp 
meter that counts out trading stamps for harassed super- 
market clerks. Two separate sets of buttons, indicating 
dollar and dime increments of the sale, operate nearly 
identical mechanisms that dispense a single row of stamps 
for dime increments, or a multiple row for dollar incre- 
ments. The dispenser was developed by Patents Develop- 
ment Quorum, Inc. for Stamp Dispensers, Inc., Chicago. 
Switches are from Micro Switch a division of Minneapolis- 
Honeywell, Minneapolis. 


TILT PLATE rides on eleven plungers around 
the edge of the counting wheel. When one 
plunger is depressed, it tilts the plate which 
transmits motion to a snap-action switch. 


Unlatched 


SPRIN(3-LOADED plunger latch moves under a Latched 
step in the plunger when it is depressed to 

hold it in the set position. It's released at the 

proper moment by pressure of the cam release 

on the latch's cam surface. 
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Counts on Cam Wheels 


Geared to the dispensing mechanism, count- Turn of the counting wheel moves the latch 
ing wheel rotates as stamps roll out. Plunger past the cam release, letting the plunger 
latch snaps into position behind *he plunger drop back into rest position. Snap-action 
and keeps it in the depressed position. switch shuts off when latch is released. 


Snap-action switch 


COUNTING WHEELS are con- 
nected to dispenser rollers for 
dime purchases (left) or dollar 
purchases (right). Snap-action 
switch on the tilt plate operates 
a solenoid that pulls a ratchet 
lever. Two things are dorie by 
the ratchet lever: 1. It operates 
the motor switch above it. 2. It 
releases a plastic ratchet wheel 
to let the dispensing drum turn. 
On shut off, the roller coasts un- 
til a ratchet is against the lever, 
assuring that perforation is over 
tear-off bar, and plungers are 
oriented over pushbuttons. 


Drive shoft 





Tractor-Towed Jig 


Sets Posts, Stretches Fence 


CarRYING its equipment with it, a new fence-stretching jig flank the post driver and carry posts, fencing, and wire rolls, 
sets posts, stretches fence and up to four strands of barbed as well as the fence-stretching clamp. American Steel and 
wire in one pass. Post driver, operated by power-take-off Wire Div., U. S. Steel, Pittsburgh, developer of the fence 
from the tractor will drive either metal or wooden posts. stretcher, says the machine can stretch fence three or four 
Two platforms, linked to the tractor by horizontal hinges, times as fast as it can be done by hand. 


OPERATOR positions and 
plumbs the post driver 
with hydraulic cylinders 
before sinking the post. 


FENCE MOVES freely 
through the open clamp 
as the tractor pulls the 
unit ahead to the next 
post-setting position. 
Platforms straddle the 
newly set post. 


CLAMPING PISTON ex- 
tends to close the clamp 
jaws as the tractor puts 
tension on the fence 
before fastening. 
Barbed wire is ten- 
sioned by a multiple 
disc brake coupled to 
the wire spools. 


WIRE PULLEYS pass 
barbs in the wire easily, 

Fa turn smoothly as 
they conduct the wire 
to the chosen strand 
level. 
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Gyro Finds True North 
From Earth's Spin 


TRUE NORTH is quickly found regardless of weather or time of day by a 
new instrument that combines a theodolite and gyroscope. The two ele- 
ments are rigidly coupled with the spin and input axis of the gyro in the 
theodolite’s plane of rotation. After the instrument is leveled, north is 
found by slowly rotating the theodolite and noting two positions where 
precessing effort drops to zero. Precession is caused by rotation of the 
earth that turns the gyro on its input axis. When the axis is on an 
east-west line, the earth’s rotation has no effect. Bias of the gyro, which 
causes a slight error in the reading, is cancelled by averaging two read- 
ings 180 degrees apart. 


INPUT RATE is a function of cosAsin@, where A is the latitude of 
the observer taking the reading and @ is the angle between the 
input axis and an east-west line. When @ is 0, the input has to be 
0. Gyroscope bias introduces a slight error which can be averaged 
out by taking two readings 180 degrees apart. 


North - detecting in- 
strument was devel- 
oped by English Elec- 
tric Aviation Ltd., 
Guided Weapons Div., 
Stevenage, Herford- 
Spin axis shire, England. 

GYROSCOPE case is 

filled with viscous fluid 

to increase sensitivity 

and resistance to shock. 

Operating temperature 

| is 160F at which tem- 

Theodolite | perature the  helium- 

filled gimbal is neutral- 

ly buoyant in the fluid. 


Output 
axis 
h ,Spin axis 


| 
Vv 





Input Rate 





Potentiometer 





+ 
30 | Glass-fiber 
Input Axis Heading { cover 


AB 


Ball bearing 
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Synthetic Sine Wave Sets 
Vibration-Meter Reference 


REFERENCE a-c patterns are synthesized from d-c input by a four-brush commutator that uses 
stepped resistances to change voltage and current level in stages that approximate a sine wave. 
Resulting frequencies are exact functions of commutator speed; amplitude depends only on d-c 
input. Electrodynamic Balancer is produced by W. T. Avery Ltd., Birmingham, England. 
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OUTPUTS from commutator are 
two approximately sinusoidal 
alternating currents phased 90 
degrees apart. Since they are 
a function of rotor speed, they 
can be used with vibration input 
to give angular position of the 
vibration. Two reference cur- 
rents, H and V, give unambigu- 
ous indication of position. 


WATTMETER FIELDS are energized 
by commutator-produced refer- 
ence frequencies. Input from a 
vibration sensor (left or right) is 
applied to the armatures. Watt- 
meters give H and V co-ordinate 
readings of vibration location 
which are read out by mirrors 
fastened to each armature. Ro- 
tation of the mirrors changes 
position of a reflected spot of 
light on a convenient scale. 
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Use these techniques and data to: 


» Predict effects of suddenly applied loads 
* Design efficient structural parts 


JAMES T. GWINN Jr. 


Product Engineer 
Electronics Group 


Lord Mfg. Co. 
Erie, Pa. 


ESIGN of efficient structural members requires 
D accurate analysis of dynamic load conditions. 
However, such studies are often complicated 
and tedious. When a thorough analysis is not pos- 
sible, an additional margin of safety is usually in- 
cluded in the design. Unfortunately, such over- 
designed structures may still fail when subjected to 
dynamic loads because certain critical features are 
not affected by the over-all safety factor. 
Three types of dynamic loads are generally rec- 
ognized : 
1. Suddenly applied loads of short duration—best de- 
scribed as a pulse of acceleration versus time. 
2. Suddenly applied loads of long duration—a passenger 
train crossing a bridge, for example. 
3. Sustained, periodically varying loads—includes me- 
chanical and acoustical vibration of both a sinusoidal 
and random nature. 
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This article deals principally with the first type of 
dynamic loading and emphasizes the practical con- 
siderations of structural design. 


> Transient Loads of Short Duration 


By nature, short-duration transient loads have 
complex pulse shapes which cannot be explicitly 
defined in mathematical terms. Nevertheless, these 
pulse loads are frequently encountered in practice, 
and their effect on structural responsé must be 
predicted. 

For design work, analysis may be simplified by 
comparing the actual wave shape to several simple 
wave shapes for which structural response is known. 
To refine a pulse loading for analysis, its amplitude- 
time history must be known. This characteristic is 
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impact loads 


referred to as the forcing function. Such informa- 
tion can usually be obtained from specifications or 
references for specific environments, from direct 
measurements of acceleration versus time on an 
actual structure, or from calculations of pulse char- 
acteristics from other known structural parameters. 
Generally, these characteristics can be approximated 
with the functions shown in Fig. 1. Amplitude-time 
characteristics for various environments are given 
in Table 1. 

Features of the exciting function which are of 
particular interest are: Maximum amplitude, X,; 
time duration, t,; approximate shape. The peak 
value of pulse amplitude is an index to the in- 
tensity of the dynamic loading. Duration of the 
pulse is characteristic of its frequency effect. Both 
of these parameters must be known to obtain the 
response of a structural system. 


Nomenclature 


= Amplification factor for pulse-type forcing function 

= Height, in. 

= Constant for a vibration mode 

= Width, in. 

= Viscous damping coefficient, lb-sec per in. 

Me = Viscous critical damping coefficient, Ib-sec per in. 

= Distance from neutral axis of section to outermost 
fiber, in. 

= Deflection, in. 

Young’s modulus of elasticity, psi 

Load eccentricity, in. 

= Exciting or forcing frequency, cps 

Natural frequency, cps 

> Gravitational constant, in. per sec per sec 

= Area moment of. inertia of beam cross section, in.* 
Stiffness (spring constant), lb per in. 

= Length, in. 

= Bending moment, |b-in. 
Mass, !b-sec? per in. 
Maximum force, Ib 

* Instantaneous force, Ib 

= Radius, in. 

= Bending stress, psi 

= Thickness, in. 

= Pulse length, sec 

= Weight, Ib 
Unit weight, lb per in. 

= Amplitude of forcing function, in. 

Forcing function displacement, in. 

Amplitude of response, in. 

Response’ displacement, in. 

Section modulus, in.® 

Angle, deg 

Unit mass, lb-sec? per in.? 

Poisson’s ratio 
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> Response of Structures 


Every structure, because it has both mass and 
stiffness characteristics, responds in some degree to 
a pulse loading. Intensity of the response, however, 
depends on how close the structural natural fre- 
quency is to the forcing frequency. The relation- 
ship is illustrated by the ideal single-degree-of- 
freedom system—a mass supported on a spring and 
restricted to translational movement—and how it 
responds to various frequencies of excitation. When 
the system is excited at or near its natural fre- 
quency, the ratio of response amplitude to excita- 
tion amplitude is high (amplification). When the 
forcing frequency is much higher than the natural 
frequency, response amplitude is much smaller than 
exciting amplitude (isolation). 

These general characteristics of system response 
apply to shock as well as vibration. Investigation 
of the relationships between response of mass-spring 
systems and various forcing functions’ has re- 
sulted in the curves shown in Fig. 2. To use these 
curves, amplitude and duration of the forcing func- 
tion must be known. In addition, it is helpful to 
know the shape of the excitation pulse so that it 
can be compared to the ideal pulses in Fig. 1. 
Once these three factors are established, response 
of structures to the forcing function can be ana- 
lyzed. The amplification-factor curves, Fig. 2, apply 
as long as damping is small (C/C,=0.25) and 
structural deflection is linear. 

Most design texts recommend a factor of 2 for 
loads that are suddenly applied. Fig. 2 shows that 
this is a conservative approach. Amplification fac- 
tors much less than 2 may be used in careful de- 
signs where weight and space are at a premium. 

In Fig. 2, if the ratio of system natural frequency 
to exciting function frequency is low, the ratio of 
response load intensity to applied load intensity 
is low. This relationship is true as long as the struc- 
ture behaves in a linear elastic fashion. Thus, with 
the nature of the input and the frequency char- 
acteristic of the structure known, response of that 


References are tabulated at end of article. 
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Fig. 1—Basic acceleration pulse shapes. Rectangular pulse 
includes square shapes; triangular pulse includes equilateral 
shapes; shifted-cosine pulse includes cubic shapes. Rela- 
vont of pulse frequency f to pulse length ¢, is f= 
1/(2t,). 
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Typical Pulse Leading 
Amplitude, X,* Duration, t, Pulse Shape Direction 
(sec) 








(Light load) 0.6 to 1.19 0.0022 to 0.200 — Half-sine Vertical 











(Loaded) 0.3 to 0.59 0.0025 to 0.200 ~=— Hal f-sine Vertical 














Typical shock pulses for 
cross - country travel. 
Accelerations measured 
at cargo bed of 2%-ton 
6 x 6 truck. Vehicle 
natural frequency, 1-3 
eps. Truck speed, 15 
mph. 


Half-sine Transverse 





0.3 to 0.69 0.009 to 0.040 Half-sine Transverse 











(Light load) 0.7 to 1.99 0.0028 to 0.100 Half-sine Longitudinal 





0.004 to 0.670 Half-sine Longitudinal 





Relative acceleration of 
centers of gravity of 
Shifted cosine Longitudinal | [o> 70-t0n “are onder 
‘“‘*humping”’ impact. Cars 
loaded with coal. 





Military specification in- 
put to simulate rough 
Half-sine landing. Equipment 
must operate after test. 
Military specification to 
assure structural in- 
tegrity. Ultimate failure 
of structure not per- 
missible. 


Half-sine 





Light-weight high-im- 

act testing machine for 
1.5 to 2.0 in. 0.035 to 0.100 —-Half-sine pera nS natant 
displacement Pulse is obtained by 
integrating velocity rec- 
ord. 


Medium-weight high-im- 
hi 
1.5 to 3 in. 0.035 to 0.100 =‘ Triangular Vertical er aes 
displacement Pulse is obtained by 
integrating velocity rec- 
ord. 


i ’ Right triangle Typical shock pulse for 
¢ 





missile-borne equipment. 





*g = Ratio of actual acceleration to gravitational acceleration. 

+‘‘Impact as Related to Freight Car and Loading Damage,’’ ASME paper, No. 59-A-249, August 11, 1959. 

§‘‘Characteristics of the Light Weight High-Impact Shock Machine,’’ Naval Research Laboratory Report, No. 3922, January 23, 1952. 
t‘‘Characteristics of Navy Medium Weight High-Impact Shock Machine,’’ Naval Research Laboratory Report, No. 3852, September 14, 1951. 
**C. E. Grade—‘‘Concepts in Shock Testing Equipment,’’ Shock and Structural Response Colloquium, ASME, November 30, 1960. 
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Amplification Factor, A, 


Fig. 2 — Amplitude 
amplification factor 
versus frequency ratio 
for various exciting 
pulse shapes. Ampli- 
tude may be any type 





Rectangulor (square) 


Shifted cosine (cubic) 


Triangular (equilateral) 





of displacement, veloc- 
ity, or acceleration. 


structure to the input can be obtained, This procedure 
results in a realistic value of load intensity for 
which the structure must be designed. 


> Response Analysis 


Maximum loads acting on a system, or displace- 
ment of a system, can be obtained so that a real- 
istic stress analysis is possible. The procedure for 
a structural-response analysis is: 

1. Determine the maximum amplitude, frequency 
characteristic, and approximate shape of the pulse. 
The amplitude may be in displacement, velocity, 
or acceleration units. The pulse frequency charac- 
teristic is calculated from 


(1) 


By definition, the frequency of a function equals 
the reciprocal of the period of that function. The 
period for the complete cycle of an exciting pulse 
is determined as shown in Fig. 3. Thus, a pulse 





(b) 
Fig. 3—A discrete exciting pulse, a, and its representation 


as a complete pulse cycle, 6. Thus, the period for a com- 
plete cycle of the pulse is twice the pulse duration. 
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0.6 1.0 
Frequency Ratio, f/f 


with a duration of 0.1 sec has a period of 0.2 sec 
and a frequency characteristic of 5 cps. 

2. Determine the natural frequency (fundamental 
mode), fn, of the system and then calculate the 
frequency ratio, f,/f. 

3. Using Fig. 2, determine the amplification fac- 
tor for the frequency ratio calculated in step 2. Cal- 
culate response amplitude from 


Y, = A,X, (2) 


4. Convert response amplitude to the desired units 
—displacement, velocity, or acceleration—using 
dY max 


Be = 27 f Ymax (3) 


d?y 
Fe ATP Yas (4) 


> General Recommendations 


All too often, dynamic loads and their effect on 
structural integrity are not considered until the 
structure fails in the field or under test. When fail- 
ure occurs, the natural tendency is to reinforce the 
structure to withstand the damaging forces that are 
involved. Frequently, this approach results in in- 
creased product cost and, possibly, repeated failure. 

Failure of a “reinforced” structure may occur 
because the increase in stiffness is equaled or ex- 
ceeded by the increase in mass. This possibility is 
evident in the simple expression for a single-degree- 
of-freedom system: 


1 k Ye 
i, F— ( ) (5) 
7 m 


Since natural frequency depends on both mass and 
stiffness of an element and is a function of their 
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ratio, two structures may differ completely in ex- 
terior dimensions but still have the same natural 
frequency. In Fig. 2 the natural frequency of a 
structure is the element that controls the intensity 
with which it responds to an impulse loading. Thus, 
structural reinforcement is not always the answer 
to improved response for dynamic inputs. 

Frequently, mechanical failure can be prevented 
by a change in stiffness alone. Such a modification 
of the response characteristics of a structure is often 
referred to as detuning. In Fig. 4a, for example, 
if the frequency characteristic of forcing function f 
is at or near the natural frequency of the struc- 
tural arrangement, intensity of the structural re- 
sponse will be high (see Fig. 2). However, if the 
stiffness of both supports or of one support, Fig. 4b, 
is changed so that the natural frequency of the 
system in its fundamental mode is changed, re- 
sponse to the same forcing function and its fre- 
quency characteristic will be different. 


If the natural frequency of a structure is de- 
creased substantially with respect to forcing fre- 
quency, it is possible to reduce the maximum re- 
sponse forces. This would seem, at first glance, the 
obvious thing to do. However, resultant stress, in- 
stead of being proportionately reduced, is increased. 
The reason is: To reduce natural frequency, stiff- 
ness must also be lowered (see Equation 5). Thus, 
although response loading is lowered by reducing 
the amplification factor, ability to resist the ap- 
plied loading is lowered even further. The follow- 
ing equations show why this is true: 

The general expression for natural frequency of 
beams? is 


(6) 


se ( EI )* 
fn = Gp pit 


From mechanics, the flexural or bending stress of 
a beam is 


Mc 7) 
a = 
b ; ( 
Solving Equation 6 for I and substituting into 
Equation 7, 
_ Meca,?E 
8s» = a (8) 
Thus, for a beam of given length, material, and 
cross-sectional area (not shape), bending stress de- 
creases proportionally with bending moment (re- 
sponse) and inversely with the square of natural 
frequency. For beams, Equation 8 further implies 
that the best way to reduce bending stresses re- 
sulting from impulse loading is to: 
1. Increase natural frequency to as high a value as 
possible. 
2. Make the beam cross section as efficient as possible; 
that is, c should be small and I should be large to 
maximize I/c = Z. 


The material used is not too important since com- 
mon structural materials, such as aluminum and 
steel, have approximately the same ratio of Young’s 
Modulus to specific weight. 
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Forcing function 
p=P(t) 


44/ 


(6) 


Fig. 4—Method for detuning a system without 
changing mass. Both supports of system in a have 
equal stiffness; system response to forcing func- 
tion is typical of a predominant fixed-frequency 
characteristic. Supports of system in 5 have dif- 
ferent stiffnesses; response to the same forcing 
function is reduced. 


Sometimes, units of other equipment are mounted 
on a common structure. If these units will not 
withstand the resultant loading, they should be 
placed on mountings which isolate them from the 
structural response, which is their forcing function. 
Such mountings should have sufficient displacement 
capabilities to deflect with approximately linear 
travel to the degree required to limit response ac- 
celerations to tolerable values. Mountings which snub 
out before reaching the required deflection are fre- 
quently worse than “hard mounting” the unit to 
the structure. 

The four-step procedure previously outlined can 
be used to evaluate mountings and determine what 
mounting deflections, for systems of various natural 
frequencies, are required for proper protection. If 
sway space for required deflection cannot be al- 
lowed, the only solution is to ruggedize the units to 
tolerate higher loadings. There is no magic way 
of eliminating the shock energy. 


ExamP.Le: To illustrate the effect of detuning a struc- 
tural system, consider the support mounting shown in 
Fig. 4. If natural frequency is 68 cps and the system is 
subjected to a 15-g, 11-millisecond half-sine shock pulse 
(Table 1, Aircraft Environment), what is the estimated 


response? 
First, find fn/f to determine the amplification factor. 


From Equation 1, 


, 1 1 45 
= —— = ——_——__ = 45 cps 
2t, 2(0.011) ~~ " 


fa 68 


—— os —— = 15 
f 45 


Then, from the half-sine pulse shape in Fig. 2, 


Thus, for a linear system, the system response accelera- 
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Fig. 5—Comparison of struc- 
tural shapes having the 
same cross-sectional area. 


tion from Equation 2 is 
d*y, d? x, 
dt? 


= A, —— = 1.75(15) = 26.3 
at? J 





32221 
(Depending on 
area distribution) 
(0) 


ay, 


Forces acting on the system, of course, will be proportional —=° = 1.32(15) = 19.89 


to this acceleration. 


Now, suppose the stiffness of the system is increased by 
a factor of 6 without changing system mass. From Equa- 
tion 5, natural frequency would increase by a factor of 


k% = 6% = 2.45 
and becomes 
fn a 2.45(68) ~ 166 cps 
Then, following the original procedure, 


Location of 
shear center 





(d) 


Fig. 6—Effect of applying a load to a beam hav- 
ing an unsymmetrical cross section. Load is con- 
centrated at the shear center in a and b, and at 
any other point on the beam in c. 


dt? 


Thus, in addition to the increase in stiffness (resistance 
to deformation), response loading is decreased. When de- 
tuning a system to eliminate structural damage, the ratio 
f,/f should always be increased to the range where lower 
amplification occurs. 


> Making Structures Efficient 


One of the best ways to avoid damage under 
dynamic loading is to use a structure to its full 
effectiveness; that is, by keeping section modulus 
to a maximum. This means making all of the ma- 
terial work. The method is illustrated by the case 
of simple bending. Section modulus, Z = I/c, is 
the measure of bending efficiency of a particular 
structural cross-section and, thus, has the same re- 
lationship to bending moment that cross-sectional 
area has to axial loads. 

Various cross-sectional shapes commonly encoun- 
tered in structural design are compared in Fig. 5. 

Note that the I-beam is the most efficient uni- 
axial member if a good portion of its area is lo- 
cated away from the neutral bending axis. The 
upper limit condition for the I-beam applies when 
all the area is concentrated in the flanges and the 
web has zero thickness. This condition would be 
obtained by slicing the reference rectangle, Fig. 5a, 
in half length-wise and spacing the halves so that 
the outer fibers in each half are a distance apart. 
The axis of the cross-section would be parallel with 
the length dimension (also a) of the halves, and 
Z = 3. The lower limit condition occurs when the 
area is all concentrated in the I-beam web, which, 
in effect, is the reference rectangle where Z = 1. 

Comparison of Fig. 5¢ and d indicates the desir- 
ability of using hollow tubes rather than solid 
round bars if bending loads predominate in the 
structure. A hollow tube is the most efficient omni- 
axial member. Rectangles in the form of box beams 
can also be used with high efficiency. 

The cross section in Fig. 5e should be avoided 
if at all possible because the withstanding flange 
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Stress diagram 
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Section A~A 
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Uniform stress 
distribution 











Fig. 8—Eccentric loading of compression members. Stress 
distribution in a is unequal but is all compressive. If 
stress distribution reverses, materials weak in tension may 
fail, b. If load is applied within the kern, c, an axial com- 
pression load will not cause tensile stress. Kern dimen- 
sions indicated in ¢ are for a rectangle, but dimensions for 
any cross section can be readily calculated. 


gives a large value of c without a corresponding 
increase in I. Therefore, section modulus of such a 
shape is low. 

In applications where efficient structures are de- 
sired, the effect of loading unsymmetrical cross sec- 
tions is often neglected. Such beams have only one 
point, often called the shear or flexural center, at 
which loads can be applied without producing com- 
bined bending and torsional stresses. In Fig. 6a and 
b, the beam deflects vertically only for a load ap- 
plied through the shear center of the cross section. 
In Fig. 6c a load applied on the web of the section 
produces a combined rotational and translational 
displacement of the beam. The method of loading 
unsymmetrically sectioned structural members can 
often make the difference between passing or fail- 
ing dynamic tests. Formulas for locating the shear 
center of commonly encountered cross-sections are 
given in Table 2. 

Previous discussion has pointed out the decided 
effect that structural natural frequency has on the 
intensity with which a structure responds to a given 
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Unequal stress Induced 


distribution negative 
stress 


_— —. — > 


Off-Center Loading 


Fig. 9—Special gussets for attaching box beam to a wall. 
In ideal situation, the centroid of the fastener locations 
would coincide with the centroid of the stress diagram. 


forcing function. Natural frequency must therefore be 
considered in the design of efficient structures. Fre- 
quently, a change in natural frequency of a struc- 
tural member will drastically affect the ability of 
a structure to withstand a given dynamic impulse. 

The effects of different types of beams, end con- 
ditions, and methods of loading on natural fre- 
quency and maximum bending stress is indicated in 
Table 3. A simple beam with concentrated loading 
at the center is the reference. The ratios can be 
used in design work to investigate the effect of 
detuning or proposed structural changes. As would 
be expected, a distributed load reduces maximum 
stress for a beam of given cross section. Of equal 
significance is the fact that a distributed load raises 
the natural frequency, which in turn controls the 
response of the structure to dynamic loading. 

Efficiency of a structure also depends on how the 
imposed loads are applied to the structure through 
joints. Proper methods of riveting and welding have 
been extensively dealt with in the literature. But 
little has been done to show why these methods, 
in which loads are applied at joints, result in good 
or poor designs. 

Joint eccentricities can overstress structural mem- 
bers which, if given only a cursory examination, 
would seem to be adequate. The eccentric Joad on 
the tensile member in Fig. 7b obviously causes an 
unequal stress distribution and can result in com- 
plete stress reversal. Induced bending in the mem- 
ber also results from improper alignment. 

In Fig. 8, a compression member with eccentric 
load also experiences unbalanced stress distribution 
and possible stress reversal if the applied load is 
great enough. If such a member is weak in tension, 
the induced reversed stresses may cause the mem- 
ber to fail, Fig. 8c. One solution to this problem 
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Fig. 10—Joint designs 
using conventional 
fasteners. 


Section Shape and Position of 
Type Dimensions Shear Center, e 
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Semicircle 


Thin Open Channel 
(Constant thickness 
in legs and web) 


Thin Web, Open Channel 
(Flange area evenly 
distributed over legs 
of channel) 





Thick Open Channel 
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*Subscript SB refers to simple bending, reference beam system. 
Comparisons are for beams with same section modulus, Z, and 
, l. Calculations are based on: f,¢,—1.1[(B#Ig)/(WI*))}1/2 


is to apply the load within the kern of the section, 
Fig. 8b. The shape and size of the kern for any 
cross section can be readily derived.* 

Structural failures, particularly under dynamic 
loading, often result from careless placement of the 
fasteners that hold the members together. An effi- 
cient way to handle moments produced by the ap- 
plied loading is to concentrate the fasteners in the 
area of greatest stress, Fig. 9. 

If fasteners are used in structures which are sub- 
jected to dynamic loading, the nature of the com- 
bined stresses on the fasteners should always be 
considered. In a cantilever bracket, Fig. 10a, the 
fastener is subjected to combined stresses of shear, 
tension, and bending. In the improved joint design, 
Fig. 10b, shear stress has been eliminated by inter- 
locking the structural members. Also, bending and 
tensile stresses in the shank and under the head 
of the bolt have been reduced by decreasing di- 
mension c. 

Another design which minimizes the stresses in 
fasteners is shown in Fig. 11. Here a shear collar 
on the mounting flange reduces fastener stresses 
to tension only. If the fasteners are conservatively 
designed, no problems should be encountered. Thus, 
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Fig. 11—Flange of engine component with built-in shear 
collar. When unit is fastened to the engine frame, the 
shear collar reduces the combined stresses on the bolts. 


Fitted joint. 











Fig. 12—Joint designs for a welded truss. In a, centerlines 
of all structural members intersect at a common point, and 
all parts are cut and fitted. In design at 5, centerlines of 
all members do not intersect at a common point, and only 
one joint is fitted. 


the reduced effect of combined stresses in. the part, 
and the manner in which the part is installed, 
result in a highly efficient design. 

In structural analysis the vectors of a force sys- 
tem are usually considered to act at points, and 
calculations for the design are made on this basis. 
Frequently, however, failures occur because the 
forces are not handled in the structure according 
to the assumptions made in the analysis. The com- 
parison of truss joints in Fig. 12 is a typical ex- 
ample. Attention to such details may often mean 
the difference between success or failure of the struc- 
ture to perform its intended function. 
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Of all hydraulic fluids, the 
petroleum-base type is most 
widely used. If fire resist- 
ance is not a system require- 
ment, the petroleum-base 
fluid’s inherent lubricity, 
modest cost, and ready avail- 
ability combine to make it 
the best choice for many ap- 
plications. 

This is the second of a 
comprehensive group of ar- 
ticles on hydraulic-fluid se- 
lection considerations, The 
first article (Dec. 8, 1960, 
pp. 180-183) discussed emul- 
sion-type fluids. Future ar- 
ticles will be devoted to 
aqueous and synthetic-type 
hydraulic fluids. 


Petroleum-Base 


RICHARD L. LESLIE 

Chief Chemist 

Research and Development Dept. 
Vickers Inc. 

Detroit, Mich. 


N ADDITION to transmitting power, a hydrau- 

lic fluid also acts as a lubricant, a coolant, and 

a corrosion inhibitor. To do these things, the 
fluid must have proper fluidity and chemical bal- 
ance. Chemical balance is also essential to the sta- 
bility of the fluid under conditions of oxidation and 
high temperature, and in the presence of water and 
other contaminants. 

Petroleum oils can be compounded to meet the 
majority of these requirements in many hydraulic 
applications. Well-refined oils, in themselves, are 
satisfactory for moderate service. For more severe 
service, performance characteristics can be improved 
and extended by compounding the basic petroleum 
fluids. 

The hydraulic fluid should be selected as care- 
fully as any other component in the system. The 
vital role of the fluid justifies careful study of the 
system, its environment, and the properties of the 
fluid. Typical properties of typical petroleum-base 
fluids are shown in Table 1. 

Recommendations of component manufacturers in 
regard to the characteristics of the fluid to be used 
are usually of a general nature and are based on 
optimum product performance. Often, when compo- 
nents are combined in a system, diverse fluid recom- 
mendations must be compromised. 


@ Fluid Characteristics 


Viscosity: Normally, 100 F and 210 F are the tem- 
peratures at which viscosity is designated. These tem- 
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peratures are chosen for convenience of measure- 
ment. However, hydraulic-fluid viscosity must be 
considered as the viscosity over a usable temperature 
range. At one extreme is the maximum viscosity 
that can be tolerated during low-temperature startup 
of the hydraulic system. At the other extreme is the 
lowest viscosity produced during high-temperature 
operation. 

The allowable viscosities are limited by the oper- 
ating characteristics of the pump, motor, and valves, 
and by the effect of lubrication on pump life. If a 
hydraulic system must operate over a wide tempera- 
ture range, it is desirable to use a fluid with a viscos- 
ity that is relatively insensitive to temperature change. 
If close temperature control of the fluid can be main- 
tained, the viscosity-temperature sensitivity is of less 
importance. 

Viscosity-temperature sensitivity is expressed by the 
viscosity index (VI) of a fluid. At a VI value of 100 
are the petroleum oils derived from paraffinic-type 
crudes. These oils exhibit little viscosity change with 
temperature. At the zero end of the VI scale are 
the naphthenic oils which are extremely temperature 
sensitive. 

Fig. 1 shows the viscosity-temperature curves of a 
pair of light and a pair of heavy hydraulic oils. 
Each pair consists of a 100 VI and a zero VI oil. 
At 100F, both light oils C and D have a viscosity 
of 150 SSU, exactly half that of heavy oils A and B. 
Slightly above 300 F, however, oil C has the same 
viscosity as oil B. At temperatures below 100 F, the 
greater thickening of the zero VI oils is similarly 
demonstrated. 
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.Table 1—Properties of Typical Petroleum-Base 
Fluids 





Property 
Light 





Viscosity (SSU at 100 F) 150 
(88U at 210 F) 43.0 
Viscosity Index 95 
Specific Gravity 0.865 
Pour Point (F) 0 
Flash Point (F) 400 
Fire Point (F) 445 





Oils may be compounded to have even less viscosi- 
ty change with temperature by thickening low- 
viscosity base-stock oils with synthetic organic poly- 
merics. Some oils prepared in this manner have vis- 
cosity indexes of over 200. Typical examples are the 
aircraft hydraulic fluid, military specification MIL- 
H-5606A; the ordnance hydraulic fluid, MIL-F- 
17111; automatic transmission fluid Type A; and 
multiple-viscosity crankcase oil SAE 10W-30. The 
viscosity-temperature relationship of these oils is 
shown in Fig. 2. 

These VI-improved oils provide usable viscosity 
over a wider temperature range than do the con- 
ventional oils. However, the VI-improved oils are 
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Oil A (V.I=100] 
OB (VI= 0) 
Oil C (VI=100) 
Oi D (VI= 0) 


Viscosity (SSU) 
os] @ 
oO 


>a 
wo Oo 


b 
o 





35 
25 50 75 100 125 150 175 200 225 250 275 300 





Temperature (deg F ) 


Fig. 1—Viscosity-temperature relationships for light 
and heavy petroleum-base hydraulic fluids. 


non-Newtonian in nature; that is, the shear force is 
not proportional to shear rate. Thus, the slippage, 
or leakage flow, of oil through clearance openings 
in pumps, actuators, and valves will be somewhat 
higher than calculated values based on the viscosity 
reported by normal laboratory methods. This tem- 
porary loss of viscosity due to the high rate of shear 


in the leakage paths of hydraulic pumps and motors 
may be minimized by formulation of the oil. Typical 
data on temporary viscosity loss of aircraft hydraulic 
oil MIL-H-5606A are shown in Fig. 3. 

A permanent loss of viscosity of these polymeric- 
thickened oils also occurs during their use in a hy- 
draulic system. This loss is caused by the large 
molecules of the thickener breaking up into smaller 
fragments. Viscosity loss is rapid during the early 
stages of service, but tends to become self-limiting 
with continued use of the oil. Principal cause of the 
polymeric degradation appears to be flow through 
orifices and valves at high pressure-drop conditions. 

The viscosity-temperature characteristics of these 
oils change as they permanently lose viscosity dur- 
ing operation in hydraulic systems, Fig. 4 shows 
viscosity-temperature curves for aircraft hydraulic 
oil, MIL-H-5606A, at succeeding stages of viscosity 
loss with use. All VI-improved oils lose viscosity 
during use. The amount of change depends on serv- 
ice conditions, base stock of the oil, and the amount 
and type of polymeric thickener used. 

A nearly corresponding decrease in the temporary 
loss of viscosity accompanies the permanent loss of 
viscosity. Thus, in general, the efficiency of pumps 
and motors is not affected significantly by the per- 
manent loss of viscosity. 


Low - Temperature Characteristics: Each system 
has a maximum fluid viscosity which it can tolerate. 
Below this viscosity, fluid can be drawn into the 
pump in sufficient volume to permit normal opera- 
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Fig. 2—Viscosity-temperature relation- 
ships for VI-improved oils. 


tion. Proper lubrication is assured and cavitational 
forces are held to a minimum. 

The pour point of an oil is not necessarily an 
indication of its low-temperature pumpability. Re- 
sistance to flow may be due to high viscosity, or to 
a network of wax crystals that hold the oil in a semi- 
solid state similar to a grease. In the latter case, once 
the oil is in motion, the wax structure is broken down. 

Oil may be pumped readily at a temperature be- 
low its pour point if it has an easily broken wax 
structure and a low viscosity of the fluid portion. 

Thus, for low-temperature operation, fluid selec- 
tion should be based on viscosity at starting tempera- 
ture, rather than on pour point alone. Additionally, 
proper viscosity must also be maintained in the op- 
erating-temperature range. A low VI oil, selected only 
for its low pour point, may fail to meet the viscosity 
requirements at operating temperature. 

Relatively few oils have viscosity characteristics 
that permit operation between —40 and —65F and 
still have usable viscosity at 100 F. The aircraft mili- 
tary-specification fluids are the only generally avail- 
able oils recommended for the lowest temperature 
ranges. 


Lubrication and Wear: In its simplest aspect, lubri- 
cation is accomplished by hydrodynamic or hydrau- 
lic fluid-film forces that use the physical character- 
istics of the fluid. The moving parts are completely 
separated by a film of oil. Here, viscosity of the oil 
is the controlling factor. 

Additionally, there is a chemical aspect to lubri- 
cation. When parts are not fully separated by a layer 
of oil, the two surfaces touch. Here, the ability of 
the oil to cling to the surface in a molecular layer 
assists in preventing or reducing metal contact. 
Boundary lubricants or extreme-pressure agents 
provide a layer on the metal surfaces to minimize 
wear under high loads. 
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Fig. 3—Temporary viscosity loss of MIL-H-5606A 
oil at high shearing rates. (Data from WADC-TR 
55-30) 


If complete fluid-film lubrication is maintained, 
chemical-type lubrication is not required. However, 
in most pumps, motors, and valves, some moving sur- 
faces are in contact under boundary conditions. Thus, 
chemical-type lubrication becomes important. 


Miscellaneous Properties: All petroleum oils have 
the same general types of molecular structure. How- 
ever, each oil fraction has a range of molecular sizes. 
The physical properties of the oils change gradually 
from the lower to the higher molecular-weight prod- 
ucts. The lower molecular-weight products have low- 
er viscosity and density, and higher compressibility, 
vapor pressure, and gas solubility. Except for viscosi- 
ty, the variation of these characteristics over the 
range of petroleum products used as hydraulic oils 
is quite small. Generally, if an oil has satisfactory 
viscosity, its other properties are in a usable range. 


Chemical Effects: The petroleum hydrocarbon 
molecule is considered thermally stable to 600 F; 
although many of the impurities that naturally oc- 
cur in petroleum are not stable at that temperature. 
Hydraulic systems using super-refined oil can be op- 
erated over 50 hr at 550F without affecting the 
stability of the oil, if it is not in contact with air. 

However, except for a few aircraft and experi- 
mental systems, hydraulic oil is normally in contact 
with atmospheric oxygen and gradual, oxidiation of 
the oil occurs. Degradation of the oil may be meas- 
ured by the formation of acid. However, the degree 
of acidity is not as significant as the rate of increase. 
With a high-grade hydraulic oil under normal op- 
erating conditions, long service can be expected before 
an oil must be replaced because of oxidation. At 
operating temperatures above those recommended, 
oxidation will be accelerated. The oxidation inhibitors 
in well-formulated oils extend the working life of 
the oil well beyond that of an uninhibited oil. 
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Fig. 4—Viscosity-temperature relationship of 
MIL-H-5606A oil with increasing use. The 
reduction in viscosity shown is the result of 
approximately 100 hr use. 


A limited quantity of water—such as that formed 
from condensation on the interior surfaces of the 
tank—does not appreciably reduce performance char- 
acteristics if the oil has good demulsibility. This is 
the tendency of the oil to separate from water rather 
than combine with it to form an emulsion. Excessive 
water, of course, should be removed from a system 
regularly. 

Well-formulated hydraulic oils for general service 
contain a rust inhibitor. These inhibitors protect 
ferrous metals that are submerged in the fluid. How- 
ever, these oils do not prevent rusting when present 
only as a thin film. Rust-inhibited oils should not be 
considered to be rust preventives. 

Petroleum oils are compatible with ordinary seals. 
Effect on many of the synthetic elastomers is modest. 
Normally used seals are based on Buna N com- 
pounds. The naphthenic-base oils have a tendency 
to soften and swell these compounds somewhat more 
than do the paraffinic-type oils. However, except 
in borderline cases, seals that operate satisfactorily 
in paraffinic oils will be usable in naphthenic oils. 
Leather and fabric compositions are also satisfactory 
with petroleum oils. 


@ System Environment 


Service life and efficiency of a hydraulic system 
depend on contamination content of the oil and op- 
erating temperature, pressure, and speed of the sys- 
tem. As the service conditions become more severe, 
optimum selection of oil becomes more critical. 

Increased viscosity assists hydrodynamic lubrica- 
tion effects to reduce wear and internal slippage in 
the pump and motor. For low-temperature start-up 
conditions, the VI-improved oils should be con- 
sidered. Heavy-duty engine oils and automatic-trans- 
mission fluids can be used successfully as hydraulic 
fluids in many applications. 
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DC Motor Control 


Part 2 — Circuit Functions of Control Devices 


© What performance or protection is needed? 
© Which control components will do the job? 
© How are they applied in circuit design? 
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EW dc motor applications require only that the 
motor run. A minimum of two connections to a 
suitable source of power would normally ac- 
complish this. But when such features as motor pro- 
tection, controlled acceleration or deceleration, re- 
versed rotation, or operating sequence are involved, 
control devices and additional electrical connections 
are required. These components and their related 
circuitry are provided by motor controllers. 
As defined by NEMA (Standards Publication No. 
IC 1-1959), an electric motor controller is a device 
or group of devices which serves to govern, in some 


predetermined manner, the electric power delivered 
to the motor. Thus, the purpose of a controller is 
to control—or more basically, to connect—electric 
power to the motor. This basic result is represented 
by the circuit which is shown at the bottom of the 
preceding page. 

With the motor connected to the power source, 
various components commonly used in a conventional 
controller can be added in building-block fashion. 
“Creating” a controller in this manner is a con- 
venient means for describing the electrical connec- 
tions and functions of control devices. 





1 Line Disconnect 


The simple circuit representing the 
end result of a controller does not in- 
clude any way to obtain that result or 
to thereafter disconnect the motor from 
the power source. Therefore, the first 
device to add is a two-pole main 
knife switch, MKS. Although some 
other disconnect device could be used, 
such as a circuit breaker, a safety 


switch, or even some type of snap 
switch, conventional practice in dc 
control is to use a knife switch. 

This amount of equipment can be 
considered a minimum basic controller 
of the manually operated or nonmag- 
netic type. Manual starters are ap- 
proved by NEMA for use with de mo- 
tors not larger than 2 hp. 
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? Line Contactor 


Because even the most basic de con- 
troller uses magnetically operated de- 
vices, a main line contactor, M, is 
the next logical addition. Since a 
coil operates this device, a control cir- 
cuit and its supply must be added. 

To complete the circuit to the con- 
tactor coil, a pilot-type device such as 
a pushbutton or master switch is re- 
quired. For simplicity, a two-unit 
start-stop pushbutton is shown. 

Pressing the start button energizes 
the contactor coil and thereby closes 
the main power contacts of the con- 


tactor to complete the power circuit 
to the motor armature. 

To prevent the contactor from drop- 
ping out as soon as the start button 
is released, an auxiliary contact, or 
control-circuit contact, is provided on 
the contactor to by-pass the start push- 
button. 

To stop the motor, all that is neces- 
sary is to momentarily press the stop 
pushbutton. This de-energizes the 
operating coil of the contactor, opens 
the contactor, and removes power from 
the motor armature circuit. 


Power and Field Circuit 











3 Field Discharge Means 


If MKS in the previous circuit is 
opened, the shunt-field circuit is also 
opened. However, under these con- 
ditions, the highly inductive shunt- 
field winding can induce such a high 
voltage that the winding insulation 
is damaged. Therefore a path must 
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be provided so that the induced volt- 
age can produce a current flow. This 
path prevents the discharge voltage 
from rising too high. 

Two different methods of providing 
a means for field discharge are shown. 
One method (dashed circuit) uses a 


resistor so connected to an auxiliary 
blade on MKS that, when the switch 
is opened, the resistor is connected 
across the shunt field to provide a 
discharge path. 

The other method uses a nonlinear 
resistor connected directly across the 
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shunt field. Resistance of this special 
device decreases as the voltage im- 
pressed upon it increases. Commercial 
units for this particular use are so de- 
signed that, with a supply of 230 v, 
resistance is high and little current 
flows. When the field is disconnected 
and its induced voltage tries to rise, 
resistance of the unit decreases, current 
is allowed to flow, and the discharge 
peak voltage is held to a safe value. 

Either of these two methods is 
practical. 

Other methods also are operational- 
ly satisfactory. A conventional re- 


sistor unit can be permanently con- 
nected across the shunt field in place 
of the nonlinear unit. A disadvantage 
is the amount of resistor material re- 
quired. Also, appreciable current is 
drawn from the line all the time the 
controller is in operation. This cur- 
rent, in turn, produces heat which can 
sometimes be a problem. Consequent- 
ly, this method is rarely used. 
Another possibility is to use a recti- 
fier valve or diode connected across 
the shunt field to block current flow 
during normal operation. However, 
during field discharge when polarity 
is reversed, current is allowed to flow. 
This method is comparatively expen- 
sive and is used only under special 


Series MKS 


MKS MAI _aatield ss 
KOS apie gs. 


ai atc 


Shunt 
Fi field F2 





circumstances. As semiconductors are 
improved and reduced in cost, this 
method may find wider use in the 
future. 





4 Accelerating Resistor 


To prevent a dangerously high cur- 
rent inrush when the motor armature 
is connected to the power supply, a 
resistor is placed in the armature cir- 
cuit. The necessity for adding a resistor 
can be illustrated with a typical 50-hp 
motor which has a full-load current 
rating of 180 amp and an armature 
resistance of 0.13 ohm. If the arma- 
ture of this motor is directly connected 
to a 230-v source of power, inrush 
current would be 230/0.13, or 1770 
amp. This is almost 10 times the 
rated full-load current of the motor 
and would surely cause “flashing” of 
the commutator and damage to the 
armature, In addition, the torque pro- 


duced by the surge of current might 
also cause mechanical damage either 
to the motor or the connected load. 

A resistor in the armature circuit 
can reduce this abnormally high in- 
rush current to a reasonable level. 
Usual practice is to select a resistor 
which limits inrush current to 150 to 
200 per cent of the full-load current 
rating of the motor. 

For the same typical motor, limiting 
current inrush to 150 per cent of 180 
amp would permit a current of 270 
amp to flow. Then, the total resist- 
ance that must be added to the circuit 
is 230/270, or 0.85 ohms. This resist- 
ance value includes the internal re- 
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sistance of the armature, but for sim- 
plicity, armature resistance will be 
neglected here. 





i) Accelerating Contactors 


If the accelerating resistor is allowed 
to remain in the motor armature 
circuit, the motor at full load would 
never be able to reach its rated speed. 
This can best be shown with the same 
motor used as an example in discuss- 
ing the accelerating resistor. 

If the motor draws a full-load cur- 
rent of 180 amp, voltage drop across 
the accelerating resistor would be 180 
x 0.85, or 153 v. Since line voltage 
is 230 v, the voltage appearing across 
the armature would be the difference 
between 230 and 153, or 77 v. There- 
fore, the resultant maximum speed 
that the motor could attain would be 
77/230, or approximately 1/3 rated 
speed of the motor. 

This condition would be unaccept- 
able in most cases. The solution 
would be to reduce, or cut out, resist- 
ance after the motor had reached an 
appreciable speed. Thus, the motor 
would eventually be able to attain 
normal speed when no external re- 
sistance remained in the circuit. This 
result is accomplished with accelerating 
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contactors. 

From one to six accelerating con- 
tactors may be used, but usually two 
or three are sufficient for most appli- 
cations. Two, the first and second 
accelerating contactors, 1A and 2A, are 
shown in the accompanying circuit. 
Because these “accelerators” are mag- 
netically operated, they have operat- 
ing coils which must be added to the 
control circuit. 

For satisfactory operation, 1A must 
close at a certain time interval after 
M closes, and 2A in turn must close 
at a suitable time interval after 1A 
closes. The intervals may be deter- 
mined by such methods as definite 
time, motor speed, motor counter-emf, 
or decrease in current flowing through 
the motor armature. Conventional 
practice is to base the interval on a 
definite time period, usually in the 
order of one second per interval. 

Although the time periods can be 
determined in various ways, the ac- 
celerating contactors shown in the cir- 
cuit have a time delay built into them. 








+ (Nonlinear) 
STOP START 


Hence, separate relays or sensing de- 


vices are not necessary. The control- 
circuit contacts on M and 1A insure 
the proper order or sequence of opera- 
tion. 

After both accelerating contactors 
have closed, all of the resistor is by- 
passed or shorted out so that, effec- 
tively, no resistance remains in series 
with the motor armature. Therefore, 
the motor will run at i‘s rated speed, 
having been “accelerated” by the suc- 
cessive closing of contactors M, 1A, 
and 2A. 
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5 Overload Relay 


Up to this point, a controller has 
been “built” which has all the elements 
required for successful and basic opera- 
tion. . However, it does not include 
any devices for sensing unusual or un- 
desirable conditions and for subse- 
quently initiating corrective action. 

A greater than normal load thrown 
on the connected machinery, either by 
operator fault or mechanical fault in 
the equipment, represents one type of 
undesirable condition. This overload 
would increase the current through 
the motor as the motor attempted to 


support the load. Such a condition 
might result in damage to either the 
driven machinery, the motor, or both, 
especially if allowed to continue for an 
indefinite period of time. 

Detecting an overload condition and 
acting to remove the motor from the 
source of power is the function of an 
overload relay, OL. This relay is a 
current-sensing device and has its oper- 
ating coil connected in the armature 
circuit. It has a normally closed con- 
tact which is connected in series with 
the operating coil of contactor M. 
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] Field-Loss Relay 


Another fault condition that must be 
sensed and acted upon is the loss of 
shunt-field excitation. Otherwise, the 
motor will tend to run away. At the 
same time, the motor will draw a 
high current from the power supply. 
Either mechanical damage or electrical 
damage, or both, could result from 
this condition. 

A  field-loss 
against this fault. 


relay, FL, protects 
The relay operat- 


ing coil is connected in series with the 
shunt-field circuit. A normally open 
contact is connected in series with the 
operating coil of contactor M in the 
control circuit. Therefore, if the 
shunt-field circuit is broken or opened, 
no current flows through the coil of 
the FL relay, its contact opens, and 
contactor M is de-energized and re- 
moves the motor from the source of 
power. 
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8 Field Rheostat 


When a motor is shunt wound or 
lightly compound wound, its speed 
can be increased above rated base 
speed by decreasing the strength of its 
shunt field. Accordingly, shunt-field 
current can be varied, primarily from 
rated value to reduced values, with a 
field rheostat. 

Essentially, a field rheostat is an 
easily operated adjustable resistor. Al- 
though it may be driven by a pilot- 
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(nonlinear) 


type motor, in which case it is known 
as a motor-operated rheostat, the con- 








ventional field rheostat is manually 
adjusted by the operator. 





y Field Accelerating Relay 


ca 











(nonlinear) 


If the motor speed range is more 
than 2 to 1, the presence of a field 
rheostat creates two demands on the 
controller: 

1. To provide rated, and often re- 
quired, torque when accelerating from 
standstill to base speed, the shunt field 


August 3, 1961 





FL OL oy 


ot 














must be at full strength. 

2. If the motor is running at base 
speed because the rheostat is in its 
all-resistance-out position, and the 
rheostat is then rapidly moved to- 
ward, or to, its all-resistance-in posi- 
tion, an excessive current will be 
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drawn by the motor from the source 
of power. To avoid this high arma- 
ture current condition, it is desirable 
that the field strength be weakened 
slowly, or in a multiplicity of steps, 
or by some manner which accom- 
plishes the same result. 
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Both of these demands can be satis- 
fied by a field accelerating relay, FA. 
The design indicated in the circuit has 
a series coil with an intermediate tap. 
The relay has a normally open con- 
’ tact which is connected across the 
field rheostat. Thus, when the relay 
and its contact are closed, the rheostat 





is by-passed or shorted out. 

The double-coil construction per- 
mits the relay to close on compara- 
tively low currents while the motor 
is accelerating to base speed, and to 
close only at higher currents when the 
motor is accelerating above base speed. 
This relay and the last accelerating 
contactor, 2A, are so interconnected 


that operation of accelerator 2A shorts 
out one of the two relay coils. 

Other methods of accomplishing this 
dual-purpose function are possible. 
Some may require two separate relays, 
or one relay plus additional auxiliary 
contacts on the last accelerating con- 
tactor. If the proper result is obtained, 
the method is not important. 





10 Field Decelerating Relay 








(nonlinear) 


If a motor is running at a speed con- 
siderably above its base speed because 
the field rheostat is in its all-resist- 
ance-in position, the motor field is 
correspondingly weak. Then, if the 
shunt field is rapidly strengthened by 
some means such as rapidly moving 
the rheostat to its all-resistance-out 
position, the counter-emf generated by 
the motor will also rise rapidly. This 
-counter-emf might exceed the voltage 
of the power supply and result in a 
reversal of current through the motor 
armature. 

Usually, if the value of the reversal 
current is not too high, and if the 
speed range is less than perhaps 2 to 1, 





S| 


+stop START 
M 
M 











Be, 





1A 
_f(on 
Ke @) 





the condition is not harmful. How- 
ever, if the speed range is greater, the 
magnitude of the reversal current 
might be high enough to cause flash- 
ing at the commutator, a reaction on 
the driven machine, or possibly a 
disturbance of the power supply. 
Reversal current can be held to an 
acceptable value with a field decelerat- 
ing relay, FD and an associated re- 
sistor. The type of relay shown in 
the circuit has a series coil, which is 
connected in the armature circuit, and 
a shunt coil, which is connected across 
the control-circuit supply. The relay 
also has a normally closed contact 
which is connected across the resistor 





in the shunt-field circuit. 

The two relay coils are so polarized 
and proportioned, relative to the flux 
each produces, that the relay will not 
operate on currents flowing in the 
normal direction. But the relay will 
operate when armature current is re- 
versed and exceeds a predetermined 
magnitude. When the relay does 
operate, its normally closed contact 
opens and inserts resistance in the 
field circuit. This additional resist- 
ance reduces the counter-emf and, thus, 
the magnitude of the reverse current. 

Here, again, other methods or de- 
vices can be used, but the end result 
should be the same. 





1] Field Protective Relay 


(nonlinear) 


Some motors are so designed that 
the shunt field is not suitable for con- 
tinuous duty at full field excitation 
when the motor is at standstill. When 
the motor is running, however, suf- 
ficient movement of air is caused to 
prevent the shunt field from over- 
heating. The controller must therefore 
provide protection for the shunt field 
when the motor is at rest. 

A field protective relay, FP, and its 
associated resistor, usually called the 
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field economizing resistor, can provide 
shunt-field protection. The relay is a 
conventional type and has a normally 
open contact. The operating coil is 
located in the control circuit, while 
the resistor and relay contact are con- 
nected in the shunt-field circuit. When 
the motor is stopped, the relay is de- 
energized and the resistor is inserted 
in the circuit. When the motor is 
started and during running, the relay 
coil is energized, thereby shorting out 





NS 


the economizing resistor. 

A typical resistor allows about 70 
per cent of base-speed field current to 
flow. Thus, the power, J*R, which 
must be dissipated by the shunt-field 
winding is reduced to about 49 per 
cent of the normal value. In general, 
the value of resistance is satisfactory if 
field current is reduced to between 80 
and 60 per cent of the base-speed 
value, resulting in a heating effect of 
64 to 36 per cent of the normal value. 
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(nonlinear) 


A common method of retarding and 
stopping a motor is dynamic braking. 
This feature is provided by dynamic- 
braking contactor DB and a resistor. 
The combination of resistor and dy- 
namic-braking contact are connected 
across the armature terminals. 

The conventional dynamic-braking 
contactor is a spring closed, magne- 
tically opened device. Therefore, the 


12 Dynamic-Braking Contactor 























main contact of the contactor is shown 
as normally closed. The operating coil 
is added to the control circuit in a 
typical manner. Usual practice is to 
interlock the dynamic-braking contac- 
tor both electrically and mechanically 
with the main line contactor, M. 
When the motor is running, con- 
tactor coil DB is energized. There- 
fore, the contacts of the contactor are 


open and the dynamic-braking resistor 
is not in the circuit. When the con- 
troller functions to remove power from 
the motor, coil DB is de-energized. 
Contact DB then closes and connects 
the dyamic-braking resistor across the 
armature of the motor. Thus, the 
dynamic-braking loop is established, 
and current produced by motor counter- 
emf retards motor rotation. 





13 Reversing Contactors 











(Nonlinear) 


In many controller applications the 
motor must be operable in both di- 
rections. This is normally accom- 
plished by replacing contactor M with 
a set of contactors whose function is to 
reverse armature polarity with respect 
to power-supply polarity. The revers- 
ing-contactor system illustrated in- 
cludes forward contactor F and reverse 
contactor R. A basic reversing con- 
troller is shown. Several previously 
introduced control devices are omitted 
in this circuit only for clarity. 

Two contacts are necessary for the 
forward function and two for the re- 
verse function. Here, each set of two 
contacts is located on one two-pole 
contactor. This arrangement is often 





used on smaller-size contactors. How- 
ever, for larger contactors, more usual 
practice is to use two separate single- 
pole contactors for the forward func- 
tion and two separate single-pole con- 
tactors for the reverse function. It is 
also conventional to interlock direc- 
tional contactors both electrically and 
mechanically. 

The  control-circuit arrangement 
must, of course, indicate the equip- 
ment required for the reversing con- 
troller. A three-unit push button sta- 
tion, consisting of forward, reverse, and 
stop pushbutton units, would be ac- 
ceptable in many cases. 

However, use of a master switch 
is common practice, especially for re- 





versing controllers. Therefore, to il- 
lustrate the basic application of such 
a device, a two-point switch is incor- 
porated as the pilot or control device. 
Depending on the user’s preference 
and the number of accelerating con- 
tactors, the type of master switch could 
vary from a one-point to a three- 
point, or even more. 

An undervoltage or loss-of-voltage 
relay, UV, has also been added. It 
serves as an interlocking relay which 
requires the operator, after an overload 
trip, to return the master switch to 
the off position before the motor can 
restart. This operating and safety 
feature is conventionally used with 
master-switch-operated controllers. 





14 Antiplugging Relay 


If motor rotation is suddenly re- 
versed with a master-switch type of 
reversing controller, the counter-emf 
produced by the motor would add to 
the line voltage, and an objectionably 
high current would flow through the 
armature and accelerating resistor. A 
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common method for avoiding such a 
condition uses some means to prevent 
closing of the opposite-direction con- 
tactors until the motor has come ap- 
proximately to a standstill either by 
coasting or by some type of braking. 
Nonplugging or antiplugging opera- 


tion is provided by antiplugging relay 
AP. Because it is a voltage relay, 
this device has its coil connected across 
the armature terminals so that it meas- 
ures and responds to the counter-emf 
of the motor. Its normally closed 
contact is connected into the operat- 
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ing-coil circuit of the forward and re- 
verse contactors in the control circuit. 

If armature counter-emf is above a 
desired value, the relay contact will be 


opened, thus preventing the opposite- 
direction contactor from having _ its 
operating coil energized. For normal 
motor operation after the permissible 
start or reversal, relay contact AP is 
by-passed by normally open control- 


circuit contacts on reversing contactors 
F and R. 

This type of reversal control is use- 
ful and finds wide application, espe- 
cially where rapid reversal is not 
necessary or perhaps not desirable. 








(Nonlinear) 


























15 Plugsing Relay 
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Shunt 
Fl field F2 

















(Nonlinear) 


Instead of adding an antiplugging 


tions in this manner is shown. The 











The relay design used in the circuit 





relay to a basic reversing controller 
with master switch, another method is 
available for preventing an abnormally 
high current when a motor is reversed. 
Suppose the opposite-direction contac- 
tors are allowed to close so that the 
counter-emf of the motor is added to 
the line voltage. If resistance of the 
accelerating resistor were increased an 
appropriate amount at this time, total 
current flowing through the motor 
could still be maintained within rea- 
sonable limits even though the voltage 


equipment for providing this reversing 
action consists of an additional section 
of resistor, an additional contactor, P, 
and a plugging relay, PR. Relay PR 
has an open contact which is con- 
nected in the control circuit in series 
with the operating coil of contactor P. 
Thus, the contactor cannot close un- 
less the relay contact is closed. 
Relay PR senses that condition at 
which the motor has approximately 
slowed to a standstill because of the 
reverse current flowing through the 


has two coils and is built on a two- 
path magnetic structure. The result- 
ing characteristic is such that, when 
counter-emf is high and in the same 
direction as line voltage, the relay does 
not operate, and its contact remains 
open. However, when _ counter-emf 
falls to a comparatively low value, the 
relay operates. The relay remains in 
the operated condition as the counter- 
emf builds up in the opposite direc- 
tion—opposing line-voltage polarity. 
Other methods and devices can be 


across the resistor increases. 

A plugging controller, or perhaps 
more descriptively, a controlled-plug- mal 
ging type of controller, which func- 


armature, 


fective. 


Conclusion 


Basic and typical control elements have been added 
successively to a de motor circuit to represent the 
functions that can be performed by a conventional 
controller. Any one controller will not necessarily 
use all the devices discussed here. Only those devices 
which provide the required functions are added. 

Neither have all possible control elements been 
incorporated. Interlocking and sequencing control- 
circuit contacts have been included to illustrate 
their basic conventional use. However, more con- 
tacts are frequently necessary for complex control 
evcles and functions. Additional control relays may 
be required for a particular operating sequence. 
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At that condition, contac- 
tor P is allowed to close, and the nor- ture. 
accelerating cycle becomes ef- 


used to accomplish the plugging fea- 
The method of sensing is un- 
important so long as the desired re- 
sults are obtained from the controller. 


Creation of a control system for a specific and 
complicated use requires that each function be con- 
sidered as a unit. The units are then joined together 
into a compatible whole. In most cases the control 
circuitry which will accomplish the desired func- 
tion is comparatively easy to determine. The major 
difficulty is preventing the circuitry from doing what 
it must not do. This problem should be kept in mind 
when either creating or examining a control system. 


Next article in this series will discuss the physical 
make-up, operation, and characteristics of the con- 


trol devices covered functionally in this article. 
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Fig. 1—Three-speed Fordomatic in intermediate gear. Front band is applied to hold external 
36-tooth sun gear fixed. Front clutch is applied to cause input into external 30-tooth sun 
gear. Rear band is released to allow carrier to rotate. Output is internal 72-tooth sun gear. 
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Five key equations, based on carrier role, directly yield . . . 


Planetary Gear Train Ratios 
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Nomenclature 





Planet carrier 

Planetary gear train ratio 

Nonplanetary gear train ratio, that is, train 
ratio with carrier fixed 

Train ratio from gear x to gear y 

1/mzy 

Number of teeth, with numeral subscripts to 
identify gears as numbered 


= Torque, lb-in. 
= Angular speed, for instance rpm, with numeral 


subscripts to identify gears as numbered 


Angular speed of gear x relative to gear y 


—Wyz 


Planet carrier 

Input member 

Output member 

Reaction member (fixed) 

Principal members, that is, those with a com- 
mon rotational axis which is central axis of 
planetary train 

Identification of gears by number, starting with 
sun gear having least number of teeth, con- 
tinuing through all sun gears, and ending with 
planet gear of greatest number of teeth. 
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LANETARY gear trains are becoming in- 
creasingly popular for modern power trans- 
mission. They are also becoming more com- 

plicated. How to determine gear ratios for such 
trains and how to find whether over-all trains are 
reversing or nonreversing can be confusing problems. 

However, when the basic principles of planetary 
gearing are clearly separated from the maze of me- 
chanical details, such determinations are relatively 
simple. This article presents a method that is com- 
prehensive and at the same time easy to understand 
and apply. 

The method is based on the observation that the 
gear ratio for any planetary system is a function of 
one or more nonplanetary ratios which may be 
identified within the system. 


Nonplanetary Train Ratio: If N., Ne, Nz... repre- 
sent numbers of teeth on drivers and . . . Ns, Ng, Ny, 
numbers of teeth on driven gears, then the non- 
planetary ratio is 
Wre Ns x Ne x Ny 


Mry = Se Soieetandpeaedaniaiaie 
Wye 

Driven and driving gears are reckoned from x as 
the first driver to y as the last follower. If the same 


gear acts as both a driver and a follower (an idler), 
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it does not affect the ratio except for sign. But 
sign is important and must be observed. A plus sign 
applies if y rotates in the same sense as x, and a 
minus sign applies if the sense is opposite. 


Principles of Relative Motion: To find planetary 
train ratio M as a function of nonplanetary train 
ratio m, certain principles of relative motion are 
applied. These principles in equation form are 


Wgy = Wy — Wy Wy = Wy — Wy 


so that 
Gye ~~ Ony 
The angular speed of a third member z is introduced 
in this way: 
Wry = Wz — Wy + W; — w 
so that 
Ory = Wzy + Ozz 

The foregoing relationships are the only tools 
necessary. They lead to five key equations classified 
according to the role played by the planet carrier. 
These key equations are applied singly or in com- 
bination as required to determine M for any planet- 
ary gear train. 


Classification by Role of Carrier: See Nomen- 
clature for definition of symbols. 

1. A nontorque-carrying rotating member within a train 
in which the other principal members carry input, output, 
and reaction torque. 


__ Wer + Wie 


Wer + Woe 


1 Miz we 





i = Mee Wo 


2. Output member. 
so that M becomes 


Now, Woe = Wee = We — W = 0 


o; 
M,=1-m™;, = - (2) 
®o 


3. Input member. Now, #ic = ce = 0 so that M be- 





Internal sun N,=72 








Example 1. 


Long planet 
N,=18 


+ -— — 





r= = —— 
5 | Rone 
2 —TN,=18 5 


Externa 4 
sun 


N=36 











External 
sun 


N,=30 
































Fig. 2—Left—Gear identifi- 
cation and specification of 
[3 Fordomatic transmission for 


Fig. 3—Right—Gear identi- 
fication and specification for 
Example 2. 


(3) 


4. Reaction member. Now, “cr = “ce = 0 so that M 
becomes 

men 
Wic = mp = i (4) 


oe Wo 


5. One of three coaxial rotating members. Here, 


M,= 


Gze Gy ~ % 


= Mzy (5a) 


Wye Wy eeag 
or 
Oz — Mr wy + (Mz — 1)o, = 0 (5b) 


Example I: Consider a Fordomatic three-speed 
transmission, Fig. 1. The carrier has role | in in- 
termediate gear and role 4 in low gear and reverse. 
Fig. 2 identifies the various gears. 


In intermediate gear the input is sun gear 1. Sun 
gear 2 is fixed and the output is internal sun gear 
3. By Equation 1, 


~— 1— Miz eth 1 — ™i2_ 


1 — Mor 1 — m2 
ae i me 

+ (eae) «et 
In low gear the input is also sun gear 1. The 


carrier is fixed and the output is internal sun gear 
3. By Equation 4, 








In reverse gear the input is sun gear 2. The carrier 
is fixed and the output is internal sun gear 3. By 


Equation 4 


Ns 72 
M = Min = M23 = — = — — = — 2.000 
Nez 36 


Example 2: Consider the planetary arrangement* 


*W. H. Wilkinson—‘‘Four Ways to Calculate Planetary Gear 
Trains,’’ MACHINE DgSIGN, Vol. 32, No. 1, January 7, 1960, p. 158. 





MN, = 15 (External sun) 
N, = 74 (Internal sun) 
N, = 75(Internal sun) 
N, = 29(Compound planet) 
N, = 30(Compound planet) 
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of Fig. 3 where the carrier has role 1. If internal 
sun gear 3 is fixed and the input is w; at sun gear 
1, the output is w2 at internal sun gear 2. By 
Equation 1, 


: = 
Som. eas s Ni 


NiN3 


M= 





i ~ Bis 


aan 
74 X 30 
If internal sun gear 2 is fixed and the input is 
w, at sun gear 1, the output is ws at sun gear 3. By 
Equation 1, 


M= = ave 
» ee M32 


N;N2 
NiN, ) 

NsN2 

N3N, 





30 X 74 
15 X 29° #1 
St nce —~ SR SS. 
1 30 X 74 03 
75 X 29 
If sun gear | is fixed and the input is ws at in- 
ternal sun gear 3, the output is w2 at internal sun 
gear 2. By Equation 1, 
Ni 
-(-#) 
N3 


N4N, ) 
N2N; 


ze math. ee 


1 — m2; 





1-(- 


15 

© bb sciences 
75 a 
29X15 


74 X 30 
If none of the gears is fixed, the general equation 


of angular motion »; of sun gear | is w;=296wo- 
295w3. Or, in general for this type of train 





Example 3. 


WN, = 20 (External sun) 
NW, = 50 (Internal sun) 
N,= 30 (Planet) 

_ @&,= 100 rpm flite 


@,= -50 rpm _ 
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Fig. 4—Left—Gear identifi- 
cation and specification for 


Fig. 5—Right—Gear identi- 
fication and specification for 
Example 4. Chrysler Power- 
transmission 


1 — m3 a m2 
oy = @2 ~- 3 
1 — m2 1 — M2 





Example 3: Consider the planetary arrangement 
of Fig. 4 where the carrier has role 5. Equation $ 
takes the form, 

@1 — My2e2 + (M2 — 1)o, = 0 
When the symbols are replaced by known magni- 
tudes, 


50 50 
100 — ( -—— ) (- 50) + (-—--1 ) a =0 
20 20 


so that o,.= —50/7 rpm. 

Example 4: Fig. 5 represents the compound planet- 
ary system of the Chrysler Powerflite transmission 
in low gear. The carrier has role 2 in planetary 
train C576 and role 5 in planetary train C132. An ap- 
plication of Equation 5 to C132 gives 

1 — myzw2 + (m2 — 1)o, = 0 
An application of Equation 2 to C576 gives 
@1 

1 — mes 

Equal carrier angular speeds », can be eliminated 
from these two equations to get 


(m2 — 1)o1 
@1 — M202 + €: 


i- m™me65 
from which 


23 
hee 
ae 1— m2 ef 55 
w2 ~ 1 = (mz)? : ( ie 23 )" 
55 


@~ — 








In Example 4 the carriers of two simple planetary 
systems are tied together and the internal sun gear 
of the first set is tied to the external sun gear of the 
second set to make one compound planetary system. 
Other compound systems can be made by tying dif- 
ferent members together, as well as by choices of 
different members as the reaction (fixed) members. 








Internal sun, A4=55 |Internal sun, W,=55 
ares 2 
Y 3 
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Performance characteristics of 
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Fig. 


300 
DRUM TEMPERATURE 


la—Variation of friction coefficient with 


index temperature for a typical friction material, 
in successive runs at 150 psi brake pressure. 





Molded and Woven Friction Materials 


QO BTAINING the right material 

for brake lining has long been 
mainiy a cut-and-try procedure. 
More recently, there has been a de- 
sire to code lining performance in 
a simple manner. This has not 
proved easy to do, mainly due to 
the large number of variables in- 
volved and the nature of lining char- 
acteristics. This article reports ob- 
servations on these design variables. 


Complexity of Properties 


Discussion concerns dry type fric- 
tion materials composed of a mul- 
titude of filler materials bound to- 
gether by one, or a combination, of 
many resins. That refers mainly to 
molded types, but there are also 
woven types consisting of cords of 
asbestos fiber—with centers of cop- 
per, lead, or other wires—woven to- 
gether and impregnated with resin. 
While the filler materials play a 
part in the friction characteristics, 
probably the greater part is played 
by the resins—the bonding mate- 
rial. 

These resins are subject to crack- 
ing and recombination, or dissocia- 
tion, under the transitory conditions 


J. GEORGE OETZEL 
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of pressure and temperature in the 
interface region of contact between 
lining and drum. The thickness of 
the interface layer is of the order of 
one molecule or less. Because this 
layer is so thin, very high tempera- 
tures can be reached in a few milli- 
microseconds. Changes, or cracking 
and recombinations, in the resins 
can occur during a single applica- 
tion, resulting in changes in the co- 
efficient. Also, many linings change 
surprisingly in characteristics from 
shelf curing which takes place in 
six months or so of lying idle in 
stock. The complexity of these 
changes is why it has been difficult 
to set up a simple coding of char- 
acteristics. 

Behavior, the basis for character- 
istics, of a lining, involves: 


1. Changes in coefficient as the inter- 
face temperature passes through the 
range experienced in actual serv- 
ice, and with the work curing of the 
lining during repeated heating and 
cooling cycles. 


. Intermittent application and _re- 
lease of pressure for short periods 
as drum temperature increases, with 
overlapping repeats in the critical 
range of temperature. Intermittent 
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applications often show variations 
during a single traverse of the 
temperature range. 

. Water recovery, or the effect of 
wetting on the coefficient, and the 
effect of a second wetting. 

. Expansion and contraction, upon 
successive heating and cooling, which 
may indicate either growth or 
shrinkage of material. 


Friction Variables 


In testing for material character- 
istics, it is convenient to express the 
heat generated by a sample in kw. 
Therefore, 


_ PSAf 
44,240 


where H, = Heat generated by 
sample, kw; P = Brake pressure, 
psi; S = Rubbing speed, fpm; 
A = Area of sample, sq in.; and 
f = Coefficient of friction. 

In tests of wear vs. temperature, 
values of these factors must be 
established so that fade temperature 
is reached before heat loss balances 
heat input. It is well to allow for a 
difference of 250-300 F between the 
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Fig. 1b—Friction coefficients for materials of Fig. 1a, under 
intermittent application of 350 psi brake pressure. 
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Fig. 1c—Recovery of friction coefficient, after wetting, under 
intermittent applications of 150 brake pressure. 





reference OD temperature and that 
of the interface. To attain fade 
conditions the interface temperature 
must reach, or somewhat exceed, 
750 F, so the reference temperature 
should reach 500-550 F. 

Some organic binders begin to 
dissociate around 500 F. Even the 
most highly heat-stable ones begin 
around 750 F. Results from a wear 
test on a disc brake having a single 
friction surface confirm the calcula- 
tion of this temperature from radio- 
frequency heating data. From test, 


H, X 10° 


T 3.46 — 
" 14 


where T, = Temperature at which 


heat input and loss balance for 
this drum. 

From a sample test, Fig. la shows 
how the coefficient varies during 
temperature change. All of the 
runs indicated were at 150 psi. 
Fig. 1b shows a run at 350 psi, on 
14, minute, off 14 minute. Fig. Ic 
shows a water recovery run ap- 
plying the pressure intermittently— 
on one minute, off 14 minute. 

Erratic rise and fall of coefficient, 
as in Fig. la, explains how lining, 
on a vehicle, can cause erratic 
pull-over to one side during brake 
applications. 

While not from actual tests, Fig. 
2 and 3 show the nature of the 
changes on two types of lining. The 


Fig. 2—Change in friction 
material with cyclic applica- 
tion of brake. Positive val- 
ues indicate expansion. 
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number of heating cycles and the 
range of temperature often need 
to be varied to suit the particular 
material and the operating condi- 
tions. 


Wear and Wrap Effects 


In any given brake, and in a 
single application, pressure is not 
uniform throughout the lining con- 
tact. It is affected by self-ener- 
gization, by the relative stiffness of 
shoe and drum, and by the nature 
of the application. 

A general idea of the nature of 
drum distortion on three types of 
brakes is shown in Fig. 4. The full- 
wrap type assumes a flexible shoe 
but two different degrees of stiff- 
ness at the heel or anchor end. 
Uniform lining wear has much to 
do with the brake design selected, 
and there is still much to be learned 
about taking into consideration 


FLEXIBLE BAND 
SELF ENERGIZED 
“FULL-WRAP" TYPE 


2 RIGID SHOES 
SELF ENERGIZED 


Fig. 4—Drum distortion pattern for three types of brakes. 
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Fig. 3—Change in friction ma- 
terial with cyclic applications 
of brake. Negative values indi- 
cate shrinkage. 


mathematically both wrap effect 
and relative stiffness of shoe and 
drum at the same time. 

Consider first the full-wrap type, 
Fig. 5. This type shows best the 
effect of changes in coefficient with 
temperature throughout the arc of 
contact. The input force F; will 
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Fig. 6—Wrap factor and relative radial force for full-wrap brake. 


probably involve, and be in part 
produced by, a radial outward force. 
From Fig. 6, and for an arc of 
330 deg, average pressure of 150 
psi occurs at 195 deg. Pressure at 
the toe—or input end—is approxi- 
mately 41 psi while that at the 
heel end is about 410 psi. The 


torque equation is 
T = RF;(b— 1) 


where a = Arc of contact, deg; 
R = Drum radius, shown as band 
radius, in.; Fj = Input force, |b; 
F, = Output force, lb; R(F2 — F1) 
= Torque, lb in.; b = Wrap factor 

10°-0076*"; f§ = Coefficient of 
friction; Fo = bF;. 

If the coefficient is constant at 
0.4, and a = 330 deg, the wrap 
factor b = 101-8 or practically 
10. This means that, for an in- 
crement of drum in passing over 
the 330 deg of lining arc, the rate 
of heat generation per sq in. at 
a constant coefficient increases 10 
times. The coefficient will not re- 
mein constant, yet the wear pat- 
tern indicates that the temperature 
must rise about uniformly through 
the arc of contact. 


Materials Combinations 


From the sample tests, it is evi- 
dent that the coefficient varies with 
temperature for each passage of a 
drum increment over the lining arc, 
and it may gain or lose. For a 
long arc, such as in the full wrap 
brake in Fig. 6, the great varia- 
tion in radial pressure, and there- 
fore in heat-rate, causes wide 
changes in coefficient. 
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Fig. 5—Full-wrap force diagram. 


A simplification of this uses four 
segments of lining, each different, 
and generalized as shown in Fig. 7. 
Then, assuming a uniform coeffic- 
ient of 0.4, the wrap factor for 
each segment is b = 1.71, making 
the total b} = 8.55. Take this as 
100 per cent. Next, from Fig. 6, 
take the coefficient for each of the 
four segments at temperature “A”, 
figure the wrap-factor for each seg- 
ment, and the total. Repeat for 
each temperature step. This meth- 
od has given a fairly good estimate 
of performance, when combining 
segments of three or four different 


types. 
Design Guides 


Complexity of variations in the 
coefficient has led to the cut-and-try 
method of dynamometer and road 
testing in the selection of linings. 
A more thorough knowledge of the 
characteristics of linings, together 


TEMPERATURE 


Fig. 7—Characteristic coefficients for four linings. 


with the calculated force geometry 
based on a constant coefficient, pro- 
vides a foundation for thinking 
through the effects of the variations, 
and so shorten the process of 
selecting a suitable lining. This 
must still be checked by the dy- 
namometer and road tests, but 
should shorten the process. This is 
really the development of engineers’ 
judgment. 

While the nature of friction 
seems to be due to the interaction 
of the electrons of the materials in 
contact, the index of this condition 
seems to be related to the physi- 
cal properties—hardness, resilience 
—of the materials as the condition 
changes with temperature, and 
again the bonding resins seem to 
play an extremely important part. 

Even in those linings showing 
a rising coefficient at temperatures 
of 80-100 F., F will probably turn 
down again as the temperature ap- 
proaches zero and the bonding ma- 
terial gets harder and less resilient. 

SAE Paper No. 357A, “Relating Lining 
Characteristics to Brake Design,” pre- 


sented at the Summer Meeting, St. 
Louis, June, 1961, 9 pp. 





hydraulic 


Codes for Boilers 
And Pressure Vessels 


]. F. Lancaster, materials engineer, 
Kellogg International Corp., London, 
England 
Comparison of the boiler and pres- 
sure vessel codes of a number of 
European countries, the United 
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MOLYBDENUM 


CLIMAX MOLYBDENUM COMPANY, a division of American Metal Climax, Inc., 1270 Avenue of the Americas, New York 20, N.Y. 





RECENT TEST SHOWS MORE PROOF 
OF MoS,’s LOAD-CARRYING ABILITY 





New Teflon-MoS, Bearing 
Component Withstands 
Temperatures Up To 575°F 


A new precision ball bearing, which 
operates at temperatures up to 575°F 
and needs no conventional lubrica- 
tion, is now coming off the lines at 
the Barden Corporation’s plant in 
Danbury, Conn. Trade-named BAR- 
TEMP, the new bearing utilizes a 
ball retainer of reinforced Teflon 
compounded with ‘‘Moly” lubricant. 
Resistance to deformation is much 
higher than that of pure Teflon*. Also, 
the material serves as a dry lubricant. 
As the bearing rotates, microscopic 
amounts of Molysulfide rub off and 
are deposited on the raceways. Re- 
sult: long bearing life at temperatures 
where conventional lubricants fail. 

Successful applications include 
synchros, fans, motors, blowers, 
barometic pressure switches, tachom- 
eter generators, and other devices 
operating from 1,000 to 24,000 rpm, 
at temperatures ranging from —-100°F 
to 575°F. 


*T.M. E. 1. du Pont de Nemours & Co., inc. 


When writing, refer to CL-105 


‘From the German laboratory of Alpha Molykote Corporation comes 
new proof of Molysulfide’s® ability to resist galling and seizing at 
pressures beyond the yield point of most metals. Previous tests have 


shown that MoS sustains loads up to 475,000 psi. 


In this 


Almen Wieland test, similar to the Falex test, a 14” pin actually 
extruded without any surface damage at pressures of 100,000 psi, while 
similar pins using other lubricants were torn, galled or “‘frozen’’ to 


the point of breakage. 
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“Moly” GIVES WIRE ROPE 
45% MORE BENDING LIFE 


That’s the forthright verdict of one of 
the leading wire rope manufacturers, 
which recently tested its MoSe-lub- 
ricated wire rope against four other 
leading brands. Fatigue tests and 
field tests demonstrated the rope’s 
ability to outlast other premium wire 
ropes in service. 

Used as an ingredient in wire draw- 
ing compound, Molysulfide creates a 
micro-shield around each wire. This 
smooths out minute surface imperfec- 
tions and prevents the wires from 
grinding together as the rope flexes. 
Result: reduction of internal friction 
—better resistance to fatigue—far 
longer rope life. 

When writing, refer to CL-106 
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Bose i : ‘ ; 
The sheila above ams mild steel 
pins used in Almen Wieland test. 
No. 1 is unused Control Pin. No. 2 
(lubricated with mineral oil and 
MoS:2) and No. 3 (with MoSe2 bonded 
coating) were elongated and extruded 
without weight loss. No. 4 shows 
typical failure with conventional lub- 
ricant. Note that the key sheared off 
and that pin and block were galled 
and seized. Surveys of many lab- 
oratories indicate that the extrusion 


Circle 251 on Page 19 
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; 
phenomenon exhibited by No. 2 and 
No. 3 pins has never been produced 
with any other conventional lubri- 
cant. 

As a result of Molysulfide’s unique 
pressure-sustaining ability, MoSe is 
widely used as a “break-in” lubricant 
which prevents abrasion and seiz- 
ing, permits shorter “break-in” runs, 
and prevents bearing damage when 
boundary lubrication occurs. 

When writing, refer to CL-107 
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States, and Canada. 

Provisions for code administration, 
material specifications, welding con- 
trol, and design of cylindrical shells 
are tabulated, and a critical assess- 
ment is made of the various codes 
in relation to their future develop- 
ment. 

ASME Paper No. 61-SA-40, “A Com- 
parison of United States, European, and 
British Commonwealth Codes for the Con- 
struction of Welded Boilers and Pressure 


Vessels,” presented at the Summer Annual 
Meeting, Los Angeles, June, 1961, 19 pp. 


Positive-Displacement, 

Helical, Rotary Compressors 

Karl E. Wichert, chief of product re- 

search, Stratos Div., Fairchild Engine 

a Corp., Bayshore, L. I., 
Analysis and performance of heli- 
cal, rotary, positive-performance ma- 
chines. 

Units of this type are useful as 
both compressors and expanders. 
Several basic formulas, accepted in 
the study of thermo and gas dy- 
namics, can be used to predict over- 
all performance and characteristics. 

The original compressor used heli- 
cal rotors with generated profiles. 
An improved version uses helical 
lobes with circular profiles. 


This machine is analogous to re- 
ciprocating machines in that the 
male rotor lobes represent the pis- 
tons and the female rotor gullies 


represent the cylinders. The rotors 
are fixed to shafts and rotate in 
opposite directions so that their lobes 
mesh, 

The two rotors are supported by 
bearings and enclosed in a housing. 
A minimum clearance is maintained 
between the two rotors, and both 
radial and axial clearance are main- 
tained between the rotors and the 
housing. The lobes have standard 
addendums. Where light weight is 
a requirement, and the pressure dif- 
ferential across the rotors is low, the 
full addendum may be used. 

Since there is no contact between 
the rotors themselves, or between 
the rotors and the housing, and be- 
cause there is no oscillating motion, 
operating speeds can be substan- 
tially higher than in reciprocating 
machines, 

ASME Paper No. 61-HYD-18, “Charac- 
teristics of Helical, Rotary, Positive-Dis- 
placement Compressors,” presented at the 


joint ASME-EIC Hydraulic Conference, 
Montreal, Canada, May, 1961, 8 pp. 


management 


Operations Research 

In Management 

D. G. Malcolm, vice president, West- 

ern Div., Operations Research Inc., 

Santa Monica, Calif. 
Discussion of an operations research 
study which has resulted in the de- 
sign of a management information 
system used to plan and control 
large-scale development programs. 


The system is named PERT, 
which stands for Program Evalua- 
tion and Review Technique. 

In the PERT approach, the devel- 
opment program is first portrayed 
graphically as a network of inter- 
related activities necessary to achieve 
prescribed milestones, or events. 
Events are shown as squares in the 
diagram and activities as the con- 
necting arrows. The “critical path” 
is the longest path through the 
given program. It is this part of 
the program that management is 
most vitally interested in determin- 
ing, shortening, and monitoring. 
The computer has been programmed 
to sort out from the many concur- 
rent paths, which is the longest, the 
next longest, etc. 

ASQC Paper No. 61-107, “Operations 
Research in Management,” presented at 


the 15th Annual Convention, Philadelphia, 
June, 1961, Transactions, pp. 45 to 60. 


materials 


Properties of 

Pyrolytic Graphite 

F. Baratta, Hi-Temperature Materials, 

Inc., Boston, Mass. 
Current importance of characteris- 
tics of a known material. Pyrolytic 
graphite is essentially a highly ori- 
ented graphite in which crystals 
are oriented parallel to a deposi- 
tion surface. Orientation ratios may 
vary from 100 to 1 to 1000 to 1. 

Principal reason for current im- 
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portance is due to its high thermal 
anisotrophy. The material will con- 
duct heat readily parallel to the 
surface but block it perpendicular 
to the surface. Thermal conduc- 
tivity of pyrolytic graphite will vary 
50 to 1000 times higher in a di- 
rection parallel to the surface than 
in the direction perpendicular to the 
surface. 

ARS Paper No. 1687-61, “Pyrolytic 
Graphite and Its Applications,” presented 
at the Structures, Materials, and Design 
Conference, Palm Springs, Calif., April, 
1961, 4 pp. 


fechniques 


Stress Analysis of 
Heated Complex Shapes 
Richard H. Gallagher and Joseph Pad- 


log, Wy Aerosystems Co., Buffalo, N.Y., 
r+ ld of! - aard, Cornell University, 
t 


Siiliaaitesd of the displacement 
method of complex structure analysis 
to the determination of stresses in 
heated, irregularly shaped, struc- 
tural components. Concepts of the 
method are reviewed, previously 
derived expressions are extended to 
account for thermal expansion and 
inelastic behavior, and additional 
relationships suitable for the stress 
analysis of three-dimensional solids | 
are presented. Example thermal | 
stress analyses are performed for a 
rectangular plate, ior which exten- 
sive test results and results from " 
an alternate theory are available. e £ 
Computational aspects of the prob- , 
lem are discussed. 

ARS Paper No. 1693-61, “The Stress | 
Analysis of 1 Heated Complex Shapes,” pre- 
sented at Structures, Materials, and Design | 
Conference, Palm Springs, Calif., April, | 
1961, 8 pp. 
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ARS—American Rocket Society, 500 5th 
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Precision Series ‘‘A’’ and 


Low Cost Series ‘‘B'’ BALL BUSHING Supported Shafts 






Sliding linear motions are nearly always LOW FRICTION - ZERO SHAKE OR PLAY 
troublesome. Thousands of progressive 
ELIMINATE BINDING AND CHATTER 


engineers and designers have solved this 


problem by application of BALL BUSH- SOLVE SLIDING LUBRICATION PROBLEMS 


INGS on guide rods, reciprocating shafts, 








ASME—American Society of Mechanical 
Engineers, 29 West 39th St., New York 
18, N. Y., papers 50 cents to members, 
one dollar to nonmembers. 


ASQC—American Society for Quality Con- 
trol, 161 W. Wisconsin Ave., Milwaukee 
3, Wis. 1961 Annual Convention Trans- 
actions, 574 pp. five dollars per copy. 
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papers 50 cents to members, 75 cents to 
nonmembers. 
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push-pull actions, or for support of any 
mechanism that is moved or shifted in a 
straight line. 

Improve your product! Up-date your 
design and performance with Thomson 
BALL BUSHINGS! 


LONG LIFE - LASTING ALIGNMENT 


The various types cover a shaft diameter 
range of 4" to 4”. Small sizes available 
in Stainless Steel. Write for literature and 
name of our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept. E, MANHASSET, NEW YORK 





of DuPont Nylon, and 60 CASE 


Also Manufactagers of NYLINED Bearings . 
. Hardened and Ground Steel Shafting 
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.. Sleeve Bearings 


Helpful Literature 
for Design Executives 


For copies of any literature listed, circle Item Number on Yellow Card—page 19 


Hydraulic Equipment 
“Engineered Hydraulic Equipment” 
catalog illustrates and describes complete 
line of JIC reservoirs, oil-level sight gages, 
and hydraulic power-unit accessories. 
Each reservoir from 10 through 250-gal 
size is completely dimensioned. About 
20 pages. Century Hydraulics, Div., Cen- 
tury-Detroit, 6101 Concord, Detroit 11, 
Mich. 
Circle 401 on Page 19 


Circuit Breakers, Safety Switches 


Costs, sizes, installation, and other fea- 
tures of circuit breakers and safety. 
switches are described and illustrated in 
pocket-sized comparison guide. Booklet 
highlights advantages of AB-I circuit 
breakers. Safety, operator control, light 
weight, attachment, and stock flexibility 
features are reviewed. 32 pages. West- 
inghouse Electric Corp., Standard Control 
Div., Beaver, Pa. 

Circle 402 on Page 19 


Load-Cell Systems 


Uses of remote-indicating, load-cell 
systems are pointed out in Bulletin R-2, 
and ideas for new applications are also 
presented. Booklet compares new dif- 
ferential-transformer principle with con- 
ventional tube and circuitry designs. It 
covers 33 capacities in compression, ten- 
sile, and push-pull models. 12 pages. W. 
C. Dillon & Co. Inc., 14620 Keswick St., 
Van Nuys, Calif. 

Circle 403 on Page 19 


Butterfly Valves 


Completely new designs in rubber-seat 
butterfly valves are described in Bulletin 6. 
Models from 3 to 144 in. for pressures 
from vacuum to 150 psi are covered. Ad- 
vantages of the units are discussed, and 
full dimensions are included for various 
types and sizes. 4 pages. Henry Pratt 
ay 318 W. Van Buren St., Chicago 7, 


Circle 404 on Page 19 


Spring Pins 

Sel-Lok Spring Pin replaces cotter pins, 
keys, solid pins, taper pins, wrist pins, 
and pivots, and substitutes for many other 
types of fasteners in hinge, laminating, 
positioning, or axle applications. Form 
2670 illustrates and describes 16 differ- 
ent applications, and suggests many more 
uses for the self-locking fastener. Data 
include standard stock sizes by material, 
recommended pin diameters for various 
shaft sizes, taper-pin size equivalents, 
spring-pin weights by size, insertion and 
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removal forces in steel assemblies, and a 
spring-pin part-numbering chart. Gen- 
eral information on manual, semiauto- 
matic, and automatic insertion is included. 
8 pages. Standard Pressed Steel Co., Box 
102, Jenkintown, Pa. 

Circle 405 on Page 19 


Instruments and Controls 


Fluid meters for recording, indicating, 
and «integrating; transmitters and _ re- 
corders for pressure and draft; level trans- 
mitters; and temperature instruments are 
described and illustrated in Bulletin 
G14-1. Also included are plug-in compo- 
nents, Flamon detector, analysis instru- 
ments, and Series 700 analog and digital 
systems. 4 pages. Bailey Meter Co., 1550 
Ivanhoe Rd., Cleveland 10, Ohio. 

Circle 406 on Page 19 


Pressure-Sensitive Tapes 


Reference data on paper masking tapes, 
packaging tapes, protective coverings, high- 
low temperature tapes, electrical tapes, 
printable tapes, and specialties are listed 
in pocket-size bulletin, “Mystik Tapes 
Keep Costs Down.” Typical applications 
are suggested for the tapes, and quick ref- 
erence index speeds up the selection of 
tapes. 44 pages. Industrial Div., Mystik 
Adhesive Products Inc., 2635 N. Kildare 
Ave., Chicago 39, Ill. 

Circle 407 on Page 19 


Formulas Folder 


Pocket guide of commonly used con- 
version factors, formulas, and other data 
is an aid in the measurement of vibration, 
shock, pressure, or other dynamic phe- 
nomena. Twenty-seven sections range from 
basic trigonometric formulas to a graph 
of piezoelectric transducer low-frequency 
response versus ioading. 10 pages. En- 
devco Corp., 161 E. California Blvd., Pasa- 
dena, Calif. 

Circle 408 on Page 19 


Flexible Couplings 
Bulletin 10 provides data on flexible 
couplings and newly designed coupling 
cover. Advantages of flexible couplings 
are pointed out, together with listings of 
all standard sizes and prices. Couplings 
with fixed bores and with plain bores for 
reboring are included. 4 pages. Acme 
Chain Corp., 821 Main St., Holyoke, Mass. 
Circle 409 on Page 19 


Air-Hydraulic Cylinders 


Bulletin AJH-104S, covering air and 
hydraulic cylinders, provides all informa- 
tion needed to select cylinders by size, 


thrust, bore, stroke, and mounting. In- 
cluded are piston, piston rod, and tie-rod 
torque tables, charts on column strength, 
rod deflections, acceleration, factors of 
safety, pressure losses in pipes, cylinder 
forces, and other data. 32 pages. Miller 
Fluid Power Div., Flick-Reedy Corp., 
7NO15 York Rd., Bensenville, Ill. 

Circle 410 on Page 19 


Variable Transformers 


Series 21 Powerstat variable transform- 
ers have output ratings to 3.75 amp with 
constant current loads and up to 5.5 amp 
with constant impedance loads. Bulletin 
P6121 points out all features of the units, 
and gives specifications and characteristics. 
Various models are shown in photographs 
and dimensional drawings. 8 pages. 
Superior Electric Co., Dept. 21, Bristol, 
Conn. 

Circle 411 on Page 19 


Locking Devices 


Pin tumbler cam locks, special-purpose 
locks, and accessories such as washers, 
nuts, stop cams, dust caps, and assembly 
plates are adaptable to metal, wood, or 
plastic in panel, drawer, and cabinet in- 
stallations. Each type of cam lock is il- 
lustrated in new catalog, and includes 
a detailed dimensional drawing and com- 
plete design application information. Key- 
ing information is also included, as well 
as details on material and finishes. 12 
pages. Corbin Cabinet Lock Div., Ameri- 
can Hardware Corp., New Britain, Conn. 

Circle 412 on Page 19 


Molded Cups 


Specifications and applications of rub- 
ber, rubber and fabric, leather, and Tef- 
lon molded cups for hydraulic and pneu- 
matic service are described in Product 
Folder AD-189. The revised folder con- 
tains photographs and service charts for 
fabric-inserted cups, metal-backed cups, 
homogeneous cups, and cups for pump 
pistons. 4 pages. Garlock Inc., Main Street, 
Palmyra, N. Y. 

Circle 413 on Page 19 


Tungsten Alloy 


Kennertium W-10 has applications in 
the fields of radioactive shielding, balanc- 
ing, and high-inertia rotational applica- 
tions where maximum weight is required 
in minimum space. Bulletin B-500 an- 
nounces the improved properties for the 
material, and gives recommendations for 
machining and joining. 8 pages. Ken- 
nametal Inc., Latrobe, Pa. 

Circle 414 on Page 19 
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BEARING 


One in a series of technical reports by Bower 


BRIEFINGS 





TESTING PUTS THE HEAT ON—HELPS 
BEARINGS BEHAVE IN EXTREME ENVIRONMENTS 


In industry today, bearing operating con- 
ditions are becoming increasingly severe. 
To conquer difficult environments, heat, 
corrosion and oxidation, Bower conducts 
exhaustive research to achieve improved 
bearing performance. One important 
area of Bower research, for example, is 
the development of special alloys to with- 
stand extreme heat. To do this, Bower 
researchers use special heating appara- 
tus to study hardness, strength and other 
characteristics of alloys at temperatures 
in excess of 1000°F. 


One of the devices Bower utilizes to 
assure bearing precision at high temper- 
atures is a creep tester. Bower engineers 
use it to load a test bar to a predeter- 
mined stress level, then, with the assist- 
ance of a special heating unit, find out 
precisely how much the bar stretches as 
temperatures are elevated to a thousand 
degrees F., and beyond. 


With this type of data and the help of 
other Bower precision research equip- 
ment, engineers can determine alloys 
that best withstand torrid temperatures. 
They can also effectively mate thermal 
expansion characteristics of the various 
alloys used in roller bearing components 
and in shafts and housings as well. As 
a result of this mating, Bower creates 
bearings that maintain precision in the 
required temperature ranges and ensures 
bearings that provide long life, heavy 
load capacity and high-speed operation. 


Because of Bower’s continuing research 
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Bower engineers study how alloys stretch as temperatures rise in 
excess of 1000°F., to perfect bearings that can take it. 


in bearing alloys and other critical areas, 
we suggest you consider Bower to assist 
you with your bearing needs. Bower 
provides a full range of types and sizes 
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in tapered and cylindrical roller bear- 
ings as well as in journal roller assem- 
blies. Bower Roller Bearing Division, 
Detroit 14, Michigan. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 
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Transfer Films 
New pamphlet describes diffusion trans- 
fer (photocopy) films for the engineering 
and graphic arts fields. Pamphlet describes 
six different types of positive films and 
waterproof negative papers recommended 
for use with them. It also describes three 
translucent positive papers and _ several 
transfer negatives, also available for engi- 
neering and graphic arts uses. 4 pages. 
Ampto Inc., Newton, N. J. 
Circle 415 on Page 19 


Selenium Photovoltuic Cells 


Improved selenium photovoltaic cells 
have high sensitivity at low light levels. 
Bulletin 03-201-A discusses the features, 
selection, and applications of the cells. 
Units are described in text, photographs, 
and drawings. Technical data supplied 
range from explanations of current output 
and spectral response to dimensional dia- 
grams of the new photocells, Photographs 
and drawings show the variety of sizes 
and shapes possible with the cells, which 
can be bent and rebent to original form 
several times without loss in output. 6 
pages. Weston Instruments Div., Daystrom 
Inc., 614 Frelinghuysen Ave., Newark 12, 
N. J. 

Circle 416 on Page 19 


Polypropylene Plastic 
Tenite polypropylene, capable of being 
injection molded or extruded on the same 
equipment used for other thermoplastics, 
possesses high moldability qualities. Prop- 
erties and characteristics are described in 
Materials Bulletin 9. Tables present tech- 
nical data covering the resistance of Ten- 
ite polypropylene to chemicals, typical 
physical properties of the plastic in in- 
jection molding, and suggested formulas 
for various methods of processing. 7 pages. 
Plastics Div., Eastman Chemical Products 
Inc., Kingsport, Tenn. 
Circle 417 on Page 19 


Rubber Sheet Packing 
Brochure PK-170A describes 15 natural 
and synthetic-rubber sheet packings. In- 
cluded are three new styles in natural 
rubber, a new neoprene diaphragm sheet, 
two new neoprene sheets, and two new 
Nitrile sheets. Complete data are given 
for each product, including construction, 
recommended applications, ASTM and 
MIL specifications met, Durometer hard- 
ness, and temperature and pressure serv- 
ices. Table gives available widths, ap- 
proximate weight in pounds per square 
yard, and form of packaging of each style. 
4 pages. Packing Materials Div., Johns- 
Manville, 22 E. 40th St., New York 16, 
N. Y. 
Circle 418 on Page 19 


inserts and Studs 


Keenserts are one-piece inserts and studs 
installed with standard taps, drills, and 
gages. Catalog D contains data on the 
various types available and points out 
their special features. Complete specifica- 
tions are included for the units, including 


installation and removal data. 28 pages. 
Newton Insert Co., 6500 Avalon Blvd., 
Los Angeles 3, Calif. 

Circke 419 on Page 19 


Small Induction Motors 
Fractional-horsepower specialty motors 
are rated from 15 mhp to 1% hp. Bulletin 
GEA-7300 discusses features, advantages, 
and applications for the M49, 10, and 29- 
frame induction motors. Cutaway photo 
of a typical motor shows internal operat- 
ing features. Bulletin contains typical per- 
formance characteristics curves, rating 
charts, and tables of typical dimensions 
in all three frame sizes. General Electric 
Co., Schenectady 5, N. Y. 
Circle 420 on Page 19 


Fluid-Flow Regulators 


Lee Jets, which restrict and regulate 
fluid flow, are inserted into reamed holes, 
locked, and sealed. Bulletin LJ-1 provides 
engineering data on the units, including 
line and dimensional drawings. Advan- 
tages of the regulators are pointed out. 4 
pages. Lee Co., Westbrook, Conn. 

Circle 421 on Page 19 


Flexible Couplings 
Para-flex flexible-cushion couplings ab- 
sorb vibration and compensate for all 
combinations of shaft misalignment and 
end float. Included in Bulletin 901B are 
a new PX280 coupling with more than 
twice the torque capacity of the next 
smaller size, and a new PX90 intermedi- 
ate size. Product photographs, engineer- 
ing drawings, and actual installation pic- 
tures are included with descriptions of 
standard, high-speed, and flywheel types 
of Para-flex. Other data include horse- 
power ratings, dimensions, prices, and 
weights. 24 pages. Dodge Mfg. Corp., 
Mishawaka, Ind. 
Circle 422 on Page 19 


Pilot Lights 


Form L-161C offers condensed technical 
information on a wide range of pilot 
lights and the lamps for which they were 
designed. Material includes life-size illus- 
trations, catalog numbers, lamp data, phy- 
sical and electrical characteristics, and 
charts. 24 pages. Dialight Corp., 60 Stewart 
Ave., Brooklyn 37, N. Y. 

Circle 423 on Page 19 


Test Instruments 


Both optical and physical test instru- 
ments and apparatus are described and 
shown in new bulletin. Included are color- 
imeters, gages, glossmeters, impact testers, 
photometers, and tensile strength and 
elongation apparatus. 28 pages. Gardner 
Laboratory Inc., P. O. Box 5728, Bethesda 
14, Md. 
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Electrical Contacts 


“Basic Guide to Electrical Contacts” 
includes charts covering applications and 
technical data for various contact alloys, 
and specifications of commonly employed 
stock contacts. Other sections of the guide 
discuss points to be considered in the de- 


sign, specification, and purchase of rivet 
contacts, laminated contacts, spring and 
blade components, and complete assem- 
blies. 10 pages. Tricon Mfg. Co., 8010 
S. Wallace, Chicago, Ill. 
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Controlled-Speed Systems 


Twelve typical controlled-speed systems 
are described and illustrated in revised 
Form F-1952. Brochure incorporates the 
advances made in central control instru- 
mentation and panel design, and in signal- 
transmission methods within process-con- 
trolled automatic systems. Included in the 
12 systems illustrated in three-dimensional 
schematic drawings are five Varidyne ac 
frequency-control multimotor systems, as 
well as single-motor systems utilizing 
Varidrives and torque motors. 8 pages. 
U. S. Electrical Motors Inc., P. O. Box 
2058 Terminal Annex, Los Angeles 54, 
Calif. 
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Self-Sealing Couplings 
Answers to many questions on the uses 
of self-sealing couplings are contained in 
Bulletin 629. Illustrated with simple, easy- 
to-understand drawings, booklet presents 
general information rather than specific 
details. Included are data on various ap- 
plications of the couplings, their functions 
in several systems, and types available. 
20 pages. Aeroquip Corp., Jackson, Mich. 
Circle 427 on Page 19 


Stainless Steels 


Precipitation-hardenable stainless steels 
used in aircraft znd missiles are also avail- 
able for consumer products. They have 
high corrosion resistance and ability to 
be heat-treated simply to high strength 
levels. Booklet Adv. 1223 explains what 
precipitation hardening is and how it is 
accomplished. Also included are data on 
heat treatments, mechanical properties, and 
fabrication for the four PH types pro- 
duced. 32 pages. Republic Steel Corp., 
1441 Republic Bldg., Cleveland 1, Ohio. 
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Plastic Tubings 


Flexite Shrinkdown _heat-shrinkable 
plastic tubings expand to slip over con- 
toured and irregular shapes. They shrink, 
upon application of heat, to fit snugly. 
Bulletin 5 pictures many applications, 
and includes a table of properties of the 
two types available. Table of dimen- 
sions is also given. 4 pages. L. Frank 
Markel & Sons, Norristown, Pa. 
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Ball Valves 


All internal parts in Flo-Ball valves 
can be removed and reinstalled without 
removal from the line. Catalog presents 
in detail specifications and characteristics 
of the valves. Included are cutaway draw- 
ings, phantom and exploded views, ma- 
terials of construction charts, pressure- 
temperature curves, and dimension tables 
and drawings. 16 pages. Hydromatics Inc., 
5 Lawrence St., Bloomfield, N. J. 
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Smooth output at lowest shaft speeds... 


NEW 
WEBSTER 
HYDRAULIC 
MOTOR WITH 
INTEGRAL 


GEAR REDUCER 


SPECIFICATIONS: 


Models: 5, with a torque range from 39 to 142 inch 
pounds per 100 psi. 
Input flow: Gpm at 1000 psi — 
2.2 to 5.8 at 100 rpm output speed 
4.9 to 15.5 at 300 rpm output speed 
7.5 to 25.1 at 500 rpm output speed 


Gear reduction: 4.65 to 1 

Operating pressure: up to 2000 psi standard 

Pumping gears: smooth-running spur involute — pre- 
cision hobbed from alloy steel 

Motor drive: free-floating internal spline 

Seal: mechanical face-type on drive shaft 

Porting: 1” NPT inlet and outlet standard, 14%4” “O” 
ring straight thread optional. 4%” NPT drain port. 


Mounting: SAE-type “‘D” four-boit mounting standard 
Drive: Direct, gear or belt 
Weight: 48 to 51 Ibs. 


This new Webster gear-type fluid motor combined with a plan- 
etary gear reducer was designed for high torque, low speed 
operations. High reduction ratio (4.65:1) assures smooth output 
at lowest shaft speeds ! 


The unit is extremely compact and provides stable, constant 
speed operation under varying loads. When used with a variable 
output flow divider, it becomes the high torque output element 
of an infinitely variable transmission. It is ideal for indexing, 
turning and transfer mechanisms; hydrostatic drives, winches, 
reels; turning or tilting units; batch mixers; driving elevators, 
conveyors — even earth augers. 


The Webster motor-gear reducer has other important advan- 
tages: it may be used where it is impossible to use an electric 
motor because of explosion hazards... planetary gear assembly 
is lubricated by the hydraulic system... “straight through” drive 


between input and output shaft... mounts on an SAE standard, 
4-bolt D size hydraulic pump mount. Drive is direct, gear or belt. 


Your Webster Electric representative can tell you more about 
this interesting new hydraulic motor with integral gear reducer 
— or write direct for engineering detail sheet HY6-1. 


OIL HYDRAULICS DIVISION 


WEBSTER ELECTRIC 
RACINE-Wwis 
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Ceramic Capacitors 


Glennite ceramic capacitors are avail- 
able in six case sizes in each tempera- 
ture characteristic, in dipped plastic or 
glass-coated form and in plastic-molded 
cases. They are indexed in Bulletin H-4 
in terms of high-reliability specifications, 
military part numbers, and range of tem- 
perature characteristics. Section on CT-10 
tubular plastic-molded-case capacitors, de- 
signed for insertion by machine, is in- 
cluded. 16 pages. Gulton Industries Inc., 
212 Durham Ave., Metuchen, N. J. 
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Polysulfide Liquid Polymers 

Booklet IA-200 describes the many in- 
dustrial applications, in sealants, adhesives, 
potting compounds, and molding com- 
pounds, for Thiokol polysulfide liquid 
polymers. Properties are pointed out, 
matching property with the application. 
8 pages. Thiokol Chemical Corp., 780 N. 
Clinton Ave., Trenton 7, N. J. 


Heavy duty gear type Circle 432 on Page 19 





Motor-Pump Units 
Type SRM motor-pump units have ca- 


| pacities to 26 gpm and pressures to 350 

D O D | psig. Covered in Bulletin 150.7, pumps 
} | feature a simplified design of rotor-stator 

| elements and electric motors of 1/3 to 2 hp. 

| Bulletin details “progressing cavity” prin- 

per pl } ) | ciple that permits handling of abrasives 
and relatively large particles in suspen- 

sion. It also gives complete specifications, 


including dimension drawings, parts lists, 


Here’s the coupling with all the muscle you need for and a rating chart for the 13 sizes. 4 pages. 
: , heavy duty slow Moyno Pump Div., Robbins & Myers Inc., 


speed mill drives. The machined surfaces of each high grade steel cast- Springfield, Ohio. 
ing are given a fine tool finish within strict tolerances. Waldron mill type Circle 433 on Page 19 
couplings are easy to assemble, and seal tight against dust, moisture, 
and loss of lubricant. The standard sizes listed below are available for Instruments and Components 
quick delivery. Write for Data Sheet S-1050. Catalog SH-61 describes RF instruments 
and coaxial components. It gives charac- 
teristics, dimensions, and other data on 
slotted lines, tapered reducers, adapters, 
instrument loads, calibrated mismatches, 
impedance-matching tuners and networks, 
impedance-standard lines, automatic im- 
pedance plotters, transmission-line hy- 
1,912 1,720 brids, and other instruments and com- 
9 ponents. 30 pages. Write on company 
: 2,662 1,550 | letterhead to Alford Mfg. Co., 299 Atlan- 
10 3,675 1,400 tic Ave., Boston 10, Mass. 


11 4,950 1,275 Time-Standard Systems 


| Comprehensive manual of frequency 
12 6,000 1,200 and time-standard systems is available as 
Application Note 52. First section con- 


WALDRON-HARTIG, Box 791, New Brunswick, N. J. MA | tains a general discussion of such problems 
Vy 





Size and nominal bore HP/100 rpm Max. rpm 





1,282 1,950 




















a division of Midland-Ross Corporation as frequency and time control, radio prop- 
agation, and time scales. Remaining 


sections contain detailed consideration of 
system operation, frequency determina- 
tion, and time determination. Several 
sample problems and solutions are in- 


V v ALD RON | cluded, and text is supplemented with 16 
: | illustrations and 6 tables. Data sheets 


Makes it easy to pick the right for the instruments described are included 
as an appendix. Write on company letter- 


head to Hewlett-Packard Co., 1501 Page 
Mill Rd., Palo Alto, Calif. 
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(Advertisement) 


Why Name an Air Valve “Mach 2’? 


“Mach 2” is the name of a new Crescent® Air Valve now ready for distribution 
to industry. An identifying name is desirable for this valve to point up the new 
kind of performance it brings to air control and to distinguish it from the other 


valves in the long-established Crescent® line. 


mt 


The new Crescent ‘Mach 2'' 4-Way Valve. 
(Half-inch pipe size shown.) 


A Breakthrough in Cycling Speed 


Actually these Crescent® “Mach 2” 
3-Way and 4-Way Air Valves represent 
a breakthrough, as the name suggests. 
For years a cycling speed of 600 to 700 
cycles a minute seemed to be the limit 
for solenoid pilot valves. The original 
Crescent 4-Way Valves attained that 
speed a long time before other valves 
even approached it. Now, the “Mach 2” 
has been tested and rated for 1000 
cycles per minute continuous duty. 
During a two-hour test at a speed of 
over 1500 cycles per minute the coil 
temperature stabilized at 7°C below the 
maximum code limit for class A coils. 
Cycling speeds as high as 2100 have 
been successfully reached for intermit- 
tent periods of 20 minutes. 


Brings New Dependability 


We realize that such high cycling 
speeds are seldom needed. However, 
speed and endurance seem to be 
Siamese twins. Here’s why: (1) Speed 
depends on an extremely short stroke 
of the solenoid plunger (3/32 of an 
inch—approximately the thickness of 
a nickel—in the new “Mach 2”). This 


greatly reduces coil heating and, as heat 


goes down, coil life expectancy goes 
up. (2) High cycling speeds demand a 
drastic reduction of friction in the 
solenoid and pilot valve section. In the 
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“Mach 2” pilot valve, a tiny ball seats 
on “O” rings at both ends of a pilot 
cartridge. The ball moves freely, inde- 
pendent of the seals. There is no “O” 
ring drag on the pilot plunger because 
it requires no seals; where there is no 
friction there can be no wear. 


Similarly, the main valve seats seal on 
“O” rings. Metal shoulders take the 
shock in such a way that the “O” ring 
seal is merely kissed by the seat in the 
sealed position; since they are only 
minutely flexed they don’t fatigue or 
lose their resilience. 


100 Million Cycle Guarantee 


Because of the short solenoid plunger 
stroke and the elimination of friction, 
there seems to be no limit to the endur- 
ance of the solenoid coils in “Mach 2” 
Valves. We back up this statement by 
guaranteeing the coil life for a mini- 
mum of 100 million cycles. For six 
years “Mach 2” Valves have undergone 
test. Valves have been placed in some 
of the toughest applications we could 
find to test their performance capabili- 
ties in actual service before introduc- 
ing them to the market. Some were 
installed in plants where they were sub- 
jected to very fast-cycling, continuous 
operation. Others have been operating 
where they are exposed to excessive 
dirt, dust and dampness, and in all cases 
the “Mach 2” Valves are performing 
flawlessly. In fact, some operators 
balked at having us remove them for 
inspection. To test the new waterproof- 
ing treatment of the “Mach 2” coils, 
one of the units was completely sub- 
merged in a container of water on 
April 26, 1959, and it is still function- 
ing perfectly. 


Crescent “Mach 2" 4-Way Valve on a roofing 
paper machine. This machine operates 24 
hours per day, 7 days per week. 
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Large printing press used to imprint cardboard 
cartons. ‘Mach 2"' 3-Way Valve controls spray 
nozzles which apply ‘‘offset spray."’ Production 
speed of this machine is 2000 cycles per hour. 


This Crescent “Mach 2'' 4-Way Valve operates 
the hopper doors at a cement batching plant. 
The valve has been operating at 1400 cycles 
per day surrounded by dry cement. We actually 
had to dig the cement away from the valve to 
get a picture. 


Write for the “Mach 2” Catalog 


Crescent® “Mach 2” Solenoid Pilot 
Operated Air Valves represent a sig- 
nificant breakthrough in “the cycling 
speed barrier” and in valve life and 
operating dependability. We hope you 
will approve of the unusual name, 
“Mach 2.” We know you will approve 
of the low-cost, downtime-free per- 
formance the “Mach 2” will deliver on 
your tough jobs. Please write to 
Barksdale Valves, 5125 Alcoa Avenue, 
Los Angeles 58, California, and request 
an advance copy of the “‘Mach 2” 
Catalog. 





New Parts and Materials 


Use Yellow Card, page 19, to obtain more information 


Synchronous Motor 


eliminates coasting 
and slipping 


Series 45100 ac timing motor has 
no slippage, stops without coasting, 
and is instantaneously reversible 
without recourse to mechanical no- 
back devices. Unit delivers 30 oz-in 
of torque in either direction at | 
rpm. Designed initially for com- 
puter applications, motor has found 
use in connection with printed cir 


cuitry, potentiometer drives, and re- 
lated devices with sharply defined 
parameters. Weighing only 8 oz, 
motor is available for operation on 
115-v, 50 or 60-cps power supplies, 
and is offered in 150 different out- 
put speeds from 300 rpm to 1/6 
rph. Motor is operable in tempera- 
tures from —10 to +180 F, and is 
offered with a choice of eight dif- 
ferent output shafts. A. W. Haydon 
Co., Waterbury, Conn. 
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Bearing Retainer Nut 


eliminates the use of 
tabbed washers, milled keyways 


Nylok bearing retainer nut which 
eliminates the use of tab washers 
and milled keyways is suitable for 
any shaft application where a nut 
holds a bearing. With the Nylok 
nut an infinite number of preload 
settings can be reached. Nut elimi 


nates excessive bearing wear, and 
can be removed and reused many 
times without loss of locking action. 
Nylok bearing lock nuts are avail- 
able in any standard or special al- 
loy, and in all thread sizes. Nylok 
Corp., 611 Industrial Ave., Paramus, 
N. J. 
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Panel Handles 


are offset at 45-deg angle 
when mounted 


Two new offset panel handles ex- 
tend 1!/ in. from the panel and are 
offset at a 45-deg angle. Offset fea- 
ture permits functional efficiency 
within limited space restrictions. 
Handles are 1/4 in. in diam and are 
either brass or aluminum; size is 
4x 14 in. Cambridge Thermionic 
Corp., 445 Concord Ave., Cambridge 
38, Mass. 
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One-Piece Nozzles 
for 2-8 gpm at 40 psi 


Nozzles which employ the whirl 
principle of spray generation are 


made from one piece of material 
rather than two pieces as in previ- 
ous designs. Made with 1/-in. male 
pipe thread, nine models cover a 
capacity range of 2 to 8 gpm at 40 
psi. Spray pattern of each is an 
80-deg hollow cone. Nozzles are 
especially adapted to multiple-head- 
er installation such as in air wash- 
ers, cooling towers, sewage-disposal 
plants, dust and smoke removal, 
and gas cooling. They are avail- 
able in brass, Teflon, or other ma- 
chinable materials. Bete Fog Noz- 
zle Inc., Greenfield, Mass. 
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Retractile Coiled Cords 


in wide choice of 
colors and styles 


New retractile coiled cords are avail- 
able along or with strain reliefs, spe- 
cial plugs, connectors, and other 
components molded on for com- 
munication, power supply, and oth- 
er applications. Wide choice of 


colors and styles assures good prod- 
uct match. Miller Electric Co., 120 
Main St., Pawtucket, R. I. 
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Miniature Static Seal 


for temperatures from 
—450 to +2000 F 


Miniature metal static seal with 
1/32-in. cross section provides zero 
leakage at temperatures from — 450 
to +2000 F and pressures to 20,000 
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... AMP's tapered terminal, crimped to electronic 
componentleadswith precision-engineered, high- 
speed, automatic application machines. 

CIRCUITIP Terminals give you quick, secure 
mounting of components at lowest installed costs 
anywhere. 


ADDITIONAL FEATURES: e Mechanical retention 
of components prior to soldering e crimp con- 
figuration to aid capillary action of solder e stand- 
ardization of hole size « bridging and offsetting 
of components for air circulation e heat sink in 
tip to help dissipate heat and protect costly com- 
ponents e uniform solder fillets e automatic trim- 
ming and bending of component leads eabsence 
of radial wire protection ideal for increased board 
ret: «8: sane density. Send for complete information today. 


ANP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia e Canada « England «France « Holland « Italy e Japan « Mexico « West Germany 
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psi in exotic liquids and gases. Des- 
ignated HS 174, seal is available in 
sizes from 1/4, to 1¥ in. OD. Seal is 
reusable, lightweight, has no storage 
or age-life problems. Haskell Seals 
Div., Haskell Engineering & Supply 
Co., 1236 S. Central Ave., Glendale 
4, Calif. 
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Ball Bearings 


have ODs from 
1 to 43%, in. 


Standard unground ball bearings 
are available in single and double- 
race construction, plain or flanged 
design. ODs range from | to 4% 
in., with round or hexagon bores, 
and load capacities to 1000 lb at 
250 rpm. Bearings are especially 
suited for use in gravity and power- 
conveyor rollers, and as chain roll- 
ers in monorail turn sections for 


guiding chains. Saginaw Products 
Corp., 68 Williamson St., Saginaw, 
Mich. 
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Solid-Film Lubricant 


combines corrosion resistance 
and _ lubrication 


Electrolube air-dry, one-coat, solid- 
film lubricant is applied by spray- 
ing, dipping, or spray-tumble. Coat- 


142 


ing combines corrosion resistance 
and lubrication in one step, elimi- 
nating the need for other corrosion- 
resistant coatings. Parts coated with 
Electrolube have withstood 100 hr 
salt-spray tests with no visible traces 
of corrosion. Coating is only 0.0002 
to 0.0005 in. thick with a coefficient 
of friction as low as 0.025 under 
high loads, It is furnished in 5-gal 
cans and 50-gal drums. Electrofilm 
Inc., 7116 Laurel Canyon Blvd., 
North Hollywood, Calif. 
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Slow-Speed Drive 


has high shock capacity 
under vibration 


Basically a drive motor with a mini- 
ature gearless speed reducer, new 
drive is designed for light-duty ap- 
plications such as potentiometers, 
slip rings, and synchros. Not a sub- 
stitute for conventional gear-head 


motors because of backlash and 
limited torque output, slow-speed 
drive has the advantages of smooth 
operation, high shock capacity under 
vibration (20g at 10-2500 cps), and 
compactness. Drive motor-speed re- 
ducers are made on order with size 
10, 11, or 12 motors. Single or 
double-ended shaft output can be 
obtained. Input-to-output speed ra- 
tios are available within the range 
of 25:1 to 5000:1; electrical charac- 
teristics depending on requirements. 
Barden Corp., Danbury, Conn. 
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Microminiature Feedthrough 


permits over-all 


reach of 1.500 in. 


FT-MM-47-TUR _ microminiature 
feedthrough features a stud as thin 
as a sewing-machine needle. Feed- 
through permits an over-all reach 
of 1.500 in. and is insulated from 
the chassis by a Teflon body. Stud 
above the chassis incorporates a tur- 
ret design and a spherical end, per- 
mitting soldering of associated cir- 


cuitry; it can also be used as a probe 
0.032 in. diam x 0.100 in. long. 
Feedthrough is quickly installed in a 
prepared hole in the metal chassis, 
providing a permanent, rigid 
mounting that cannot char or crack 





b 


and is completely resistant to shock 

and vibration. Sealectro Corp., 610 

Fayette Ave., Mamaroneck, N. Y. 
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Thermosetting Film Adhesive 


can be cured at 
low pressures 


High-strength, thermosetting film 
adhesive for metal-to-metal bonding 
and metal honeycomb-sandwich 
construction can be cured under 
low pressures of 10 to 25 psi. Only 
pressure necessary is that required 
to provide contact between the parts 
being bonded and to keep the parts 
properly aligned. Scotchweld AF- 
110 adhesive exceeds the require- 
ments of military specification MIL- 
A-5090D-Type 1 for metal-to-metal 
bonding and MIL-A-25463-Type 1, 
Class 2 for honeycomb-sandwich 
construction. Adhesives, Coatings, & 
Sealers Div., Minnesota Mining & 
Mfg. Co., 900 Bush Ave., St. Paul 6, 
Minn. 
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Plastic Valve Seat 


incorporates flanged 
metal bushing 


Disc-type plastic valve seat with 
metal insert improves operating 
characteristics and increases valve 
life. Bottom of the valve seat has 





INSERT 
PLASTIC SEAT 
TYPICAL VALVE SEAT WITH METAL | 
INSERT | 
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WAGNER Polyphase 
Resilient Mounted Motors 
in ratings through 10 horsepower 


Quiet, vibration-free performance is essential when 
motors are installed in areas where noise must be held 
to a minimum .. . in hospitals, churches, schools, office 


phase Resilient Mounted Motors. Only Wagner can 
provide an entire range of ratings through 10 hp. 


Constant research and development have kept Wagner 


buildings, restaurants and similar locations where 


quiet is needed or wanted up front in electric motor design for more than 65 


years...made the name Wagner one you can de- 
Such installations have created a need for larger poly- _— pend on in choosing electric motor drives. 
phase motors that whisper while they work. re 

has met this need by expanding its line of polyphase 
resilient mounted motors to include standard ratings 


through 10 hp. 
You certainly have applications that call for a smooth 


running motor, cushioned by resilient wean Wagner Electric Corporation 


To make sure they're quiet, specify Wagner Poly- €404 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


Your nearby Wagner Sales Engineer can help you 
select the right motor to meet your requirements. 
There are Wagner branch offices in 32 principal cities. 


SLEEVE OR BALL BEARING 
These motors are furnished with quiet 
running steel-backed babbitt-lined 
sleeve beorings of high loac’ carrying 
capacity. Bail bearings can be 
supplied when 

desired. 





CEILING, SIDEWALL OR 
HORIZONTAL MOUNTING 
You can mount these motors on walls or 
ceilings by rotating the cradle base 
90° wr 180°. Motor stays dripproof. 


NEOPRENE 
CUSHIONING RING 
Annular mountings, of 
oil-resistant neoprene 


OR hac eate ee. 
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WHAT YOU 
SHOULD KNOW 
ABOUT 


STAND-OFF 
FASTENERS 


for tubing * piping * conduits 
* wire bundles ¢ support of 
equipment and instruments. 


NOTA 
SALES 
BOOKLET 


An objective analysis 
in the fastener field 

CONTENTS: — 

© Small Fasteners are important business 

© Advantages and disadvantages of 
each type 

@ Advantages and disadvantages of 
various fastener materials 

e Causes of failures of stand-off fasteners 

@ When is strength important? 

@ Weight saving 

© Awkward shapes 

© A minimum of drilling in structural 
material is desirable, “The Swiss 
Cheese Effect” 

@ Whea to use special types 

@ Installation costs — the bugaboo. 
Tips on how to cut costs. 

@ High cost of unnecessary re-work 

@ Removal — a headache or a cinch 

@ How to compare costs of fasteners 

@ How to select stand-off fasteners 


Phone or mail this COUPON 
TODAY to the nearest office 


* 21301 Cloud Way, Hayward, Calif. 

1405 Northern Bivd., Roslyn, L. 1., New York, 
MAyfair 1-7500 © 625 Hickory Lane, St. Louis 
31, Mo., YOrktown 6-4815 © 4026 W. 183rd 
St., Torrance, Calif., FRontier 9-5531 °¢ 
Peachtree Road, Atlanta 5, Ga., CEdar 3-2837 
Gentlemen: 

Please send me, without charge, your authori- 
tative booklet on stand-off fasteners. 


Name 


Address 








Firm 








Engineer Student Other. 


NEW PARTS AND MATERIALS 





been counterbored to receive a 
flanged-metal bushing that forms 
the seat orifice. Metal orifice edge 
withstands a higher fluid velocity 
without wire drawing or erosion 
than the original plastic seat, and 
provides metering characteristics of 
a hard-seat valve with the bubble- 
tight shutoff qualities of a soft seat 
valve. Washer-shaped section of the 
bushing also prevents seat deforma- 
tion or deflection due to pressure 
surges. Upper and lower surfaces of 
the plastic seat remain the sealing 
surfaces used to prevent leakage. 
Robbins Aviation Inc., 2350 E. 38th 
St., Los Angeles 38, Calif. 
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Screw-Thread Inserts 


are now available 
in miniature sizes 


Screw-thread stainless-steel inserts 
for providing permanent threads in 
soft metals are now available in 


miniature sizes 3-48NC, 4-ONC, 4- 


48NF, 5-4ONC, and 5-44NF. Taps, 
inserting tools, and inspection gages 
for the new sizes are also available. 
Heli-Coil Corp., Danbury, Conn. 
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Silicon Switching Transistor 


has over-all switching 
time of 47 nanosec 


High-speed, NPN silicon epitaxial 
mesa switching transistor, Type 
2N835, has a typical storage time 
of 16 nanosec. Capable of a typi- 
cal over-all switching time of 47 
nanosec, unit also features lower 
collector capacitance and reduced 
collector saturation voltage as a re- 
sult of epitaxial-type construction. 
Typical collector capacitance is 2.8 
pf, while saturation voltage is 0.15 








SPECIFY THOMAS 
FLEXIBLE COUPLINGS 


Like a THIEF in the NIGHT 
an inferior coupling causes 
wear and damage to your 
machines —resulting in high 
maintenance costs an 
costly shut-downs. : 
ublesome maintenanc 
oableats and down time 
are eliminated when you 
specify Thomas *All-Metal 
Flexible Couplings to pro- 
tect your equipment and 
extend the life of your 
machines. 


LOAD and MISALIGNMENT 
UNDER FLEXIBLE 


_ r all these advantages: 


offe 
@ Freedom from Backlash 


@ Torsional Rigidity © Free oo 
Continuous Drive h 
3 ae Rotational Velocity 


@ Visual Inspection while in Operation 
@ Original Balance for Life 


@ Unaffected by High or Low 
Temperatures 
brication @ No Wearing Parts 


@ No Maintenance 


Write for our New Enginecring omieg © 


@ No lv 
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t@tal retaining ring ideas 


EXTERNAL TYPE 
—for axial installation 
Specifically designed for NAS 670 
standard grooves. Termed the CS 
Series, stocked in all popular sizes. 


to help you cut costs— improve product design and performance 


the newly designed, precision die-formed retaining 
ring—available in a variety of materials and finishes— 


from .040” and up in popular shaft increments. 





INTERNAL TYPE 
—for axial installation 
Specifically designed for NAS 669 
standard grooves. Termed the CR 
Series, stocked in all popular sizes. 


EXTERNAL TYPE 
—for radial installation 


Provides unusually large shoulder 
for small shafts—termed the CE 
Series, stocked in all popular sizes. 


EXTERNAL TYPE—for radial 
installations involving high thrust 
Provides double the thrust capac- 
ity of standard “E” rings (CE) with 
comparable large shoulder. 





SPECIAL RING SHAPES 
—engineered to your requirements 


Ramsey engineers will be glad to 
work with you on the design of 
special ring shapes to meet your 
individual needs. 


AOE 





STACKED RINGS 

—for rapid assembly 

All CE Series rings from 4%" to %" 
can be supplied stacked on hard- 
ened rods for assembly line oper- 
ations. 





SPECIAL THICKNESSES 
—heavier or lighter than standard 
Rings heavier or lighter than stand- 
ard thicknesses can generally be 
supplied on special order. 


Ramsey’s special finish technique eliminates burrs and scale for 
maximum performance. Precision design eliminates bevelling 

or waviness in the ring. Tapered section design permits 
maximum conformability. Ring grip is not adversely affected 
by expansion or contraction within the allowable limits. 
Together with the complete selection of materials and finishes. 
Circolox gives you unlimited opportunities to cut costs and 
improve product design and performance. Circolox rings 

meet all industry and government standards. 


or—you may find the answer in 


the unique 360° spiral-wound retaining ring 


his exclusive full i 


Copyright 1961 Ramsey Corporation 993 


manufactured by 





SPECIAL MATERIALS AND 
FINISHES 


Awide variety of special materials, 
finishes and platings are available 
to meet practically any require- 
ment. Ramsey engineers will help 
you select the type best suited to 
your needs. 


MATERIAL FINISH 
Spring Steel, Cadmium Plate 
Stainless Steel Parkerized 
Phosphor Bronze _ Blued Steel 


Beryllium Copper Black Oxide 
Lubrite Finish 


this FREE engineering manual brings you 
the complete tOtal 2 story! 

Contains full descriptions of Circolox and Spirolox 
Rings with complete design information 

and specifications. Write TODAY! 


a subsidiary of Thompson Ramo Wooldridge Inc. 
Box 513, Dept. U, St. Lovis 66, Mo. 


RAMSEY CORPORATION 
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Gears and Differentials 


TRACTORS * HEAVY DUTY TRUCKS * AGRICULTURAL MACHINERY * POWER SHOVELS AND CRANES 
MINING MACHINES « ROAD GRADERS © BUSES + STREET SWEEPERS * INDUSTRIAL LIFT TRUCKS 
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by FAIRFIELD 


There is no finer recommendation for the quality 
of YOUR PRODUCT tian to be able to say it is 
“Equipped with FAIRFIELD GEARS!” Long a 
leading producer of the gears needed for high 
grade trucks and tractors, Fairfield also brings 
the same standards for quality, precision, and 
performance to a wide variety of products: 
Agricultural Implements . . . Power Shovels... 
Machine Tools... Road Graders... Lift Trucks 
... Diesel Locomotives... and a host of others. 


Fairfield’s facilities are unexcelled — you get 
all the benefits of high production rates and big 
volume output in an ultra-modern plant designed 
for producing fine gears EFFICIENTLY... 
ECONOMICALLY. Your inquiry will receive 

prompt attention. FAIRFIELD 
MANUFACTURING CO., INC., 
2307 S. Concord Rd., Lafayette, Indiana. 


Made to Order for: 
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v at 10 ma. Device has a guar- 
anteed minimum-gain band-width 
product of 300 mc. Applications 
include ultrahigh-speed logic cir- 
cuits such as data-processing equip- 
ment and computers where high 
temperature operation is desirable. 
Rated for a maximum junction and 
storage temperature of 175 C, tran- 
sistor is housed in TO-18 package 
and is capable of a total device dis- 
sipation of 1 w. Motorola Semi- 
conductor Products Inc., 5005 E. 
McDowell Rd., Phoenix 8, Ariz. 
Circle 447 on Page 19 


Axial-Flow Heating Fan 


miniature unit has 
integral heating element 


Series 1.9 Mini-Spot axial-flow heat- 
ing fan provides high-volume air 
flow at constant temperature and 
pressure. Miniaturized, lightweight 
unit raises the temperature of air 
flowing through the unit 30 deg F, 
while providing a flow of 40 cfm. 
Entire unit has 1.9 in. diam and is 
1.47 in. long. Stainless-steel heater 
element, enclosed in the fan en- 
velope, operates from 27-v de source 
of 350 w. Heaters for ac power 
sources are also available. Fan mo- 
tor is a 400-cycle unit, single phase 
for 115-v ac and three phase for 
200-v ac power sources. Heating 
fans are suitable for intermittent or 
continuous-duty operation. Air- 
over-motor cooling gives an opera- 
tion life of 1000 hr in temperature 
from —65 to +85C. Fans are 
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available in single or multistage 
types, and can be operated in any 
position. Pesco Products Div., Borg- 
Warner Corp., 24700 N. Miles 
Blvd., Bedford, Ohio. 

Circle 448 on Page 19 


Gear Motors 


in fixed and 
adaptable bases 


Radicon gear motors are available 
in three series: MO, single reduc- 
tion, fixed base; MHU, helical 
worm, fixed base; and MA, single 
reduction, adaptable. Output 
torques range from 26 to 36,400 
Ib-in. Input hp is 1/6 through 20, 


























me 


and ratio range is 5:1 to 372:1. | 
Drive motors are standard NEMA | T 5 t | D E A [ 
flange type, available in a variety | 


4545 S. Western Blvd., Chicago 9, 
Ill. 


of motor enclosures. Foote Bros. | 
Gear & Machine Corp., Dept. MJ, | PRODUCTION-LINE 
Circle 449 on Page 19 | ; aes ” 
“POP” Rivets cut your fastening costs on the produc- 
tion line, because they’re set one side by: one 
° _Sperator, using light-weight tools that are taken to the 

Potting Foam | _/ work, Rivets can be pre-positioned; setting is unusually 

. fast and easy, with no danger of marring work surfaces, 
has density of | /  burring rivet heads, or stripping rivets from the work. 


vee é rey cans San the Seengih or stat ot Oe 


: : : operator. Setting tools are moderate i . and 
a Las bay song ong = | (Sf available in manual, hydraulic and pneumatic types. 
mum of stress on the parts being | pear “iy PO ’ Rivets. Baw ro pend y= rest. 


potted, because the resulting ure- | If you're interested in we conten. os 2 ag = 


thane foam slowly and uniformly | | ance and sales appeal = © aright) wot a Foe 
expands and hardens in the potting | | “POP” Rivets 
modern fasteni 


void. Nonfriable foam protects the | 
parts embedded in it against shock, | 
vibration, corrosion, and dampness. | 
Potted foam has a density of ap- 
proximately 10 to 12 lb per cu ft, 
making it about six to seven times 
lighter than conventional potting EE RCE oe 

compounds. Most foamed parts can - ie citnteneeenieentin 

be cured at normal room tempera- the same side: (1) Rivet is inserted in 

tures. Foam has excellent dimen- Dilcaclaneinaneann ties 

sional stability at both low and ae ee oe pin 
elevated temperatures. Other prop- BREAKS AND FALLS FREE 
erties include tensile strength of 405 — a 

psi, shear strength of 103 psi, flex- FASTENER DIVISION ¢ UNITED SHOE MACHINERY CORPORATION 


ural strength of 128 psi, and a 6 per 1824 River Road, Shelton, Connecticut, U.S.A. 
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you 3 
manufacture: 


air conditioning machine tools 
appliances materials handling 
echelon panelboards and 
communications switch boards 
electrical prime movers 
apparatus pumps 
fans compressors 
blowers general machinery 


these Westinghouse 
products are 
tailored for you 


On these pages are shown some of the 
many components developed and man- 
ufactured by Westinghouse specifically 
for OEMs. Here is one single source for 
technical assistance, manufacturing and 
stocking of all of your electrical needs. 
Use this total service to solve your design 
and manufacturing problems now. Call 
your local Westinghouse Sales Engineer 
or write Westinghouse Electric Cor- 
poration, Box 868, Pittsburgh 30, Pa. You 
can be sure... . if it’s Westinghouse. 
J-96163-R 


Westinghouse (~) 


NEW 


permanent magnet 
runout table 
motors 


improved performance, more 
torque per ampere, high tempera- 
ture insulation. This watertight motor 
is designed specifically for starting, 
stopping, and reversing of rugged steel 
mill machinery and equipment. Epoxy 
insulation system provides full protec- 
tion, highest resistance to corrosive 
agents and retains mechanical flexibility 
throughout its life. Write for Bulletin 
B-8247. Westinghouse Electric Corpora- 
tion, Box 868, Pittsburgh 30, Pa. You 
can be sure... if it’s Westinghouse. 
J-96179 


Westinghouse (w) 


Circle 266 on Page 19 
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cent deflection at yield. Freeman 
Chemical Corp., Port Washington, 
Wis. 

Circle 450 on Page 19 


Washer-Base Wing Nut 


is available in five 
thread sizes 


Type CWB zinc-alloy wing nut is 
a combination of three wing-nut de- 
signs — capped, washer-base, and 
low-wing. Capped head prevents 
bolt ends from damaging and snag- 
ging other objects, seals and pro- 
tects bolt threads, and improves ap- 
pearances. Low wing provides 
snag-proof, limited top-clearance in- 


Lah 


stallations. Washer base speeds as- 
sembly by eliminating extra han- 
dling of washer, prevents marring 
of soft or brittle surfaces, and is 
handy for use with adjustment slots 
and oversize or offset holes. Nut is 
presently available in five thread 
sizes: 6-32, 8-32, 10-24, 10-32, and 
14-20. Over-all height is 34 in. and 
maximum wing spread is % in. 
Gries Reproducer Corp., 400 Beech- 
wood Ave., New Rochelle, N. Y. 
Circle 451 on Page 19 


Urethane Seals and Packings 


for use in temperatures 
from —40 to +225F 


Disogrin urethane hydraulic seals 
and packings have a tensile strength 
of over 5000 psi at break, enabling 
them to withstand pressures of 3000 
to 10,000 psi and higher with no 
back-up rings. Chamfered sealing- 
lip design offers immediate and 
leakproof sealing, even at low pres- 
sures, and simple assembly of seal 
bearing components into the hous- 
ing without requiring special tools 
or fixtures. Disogrin seals and pack- 
ings operate over temperatures from 
—40 to +225F. They are com- 
patible with most hydraulic fluids. 
The hydraulic components are 





totally enclosed 
a-c motors 


15% increased capacity, 80% to 
100% longer life at rated loads. 
Totally enclosed motor with Class “B” 
insulation for greater performance life, 
lower maintenance under toughest con- 
ditions. Available as standard on | hp to 
250 hp sizes in famous Life-Line “A” 
design. For inforrnation, write Westing- 
house Electric Corporation, Box 868, 
Pittsburgh 30, Pa. You can be sure... 
if it’s Westinghouse. 


J-96182 


Westinghouse (w) 
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Guardistor motors 


Eliminate production shut-downs 
from motor burnouts! Static ther- 
mistors in windings sense critical tem- 
peratures—take motor off line, flash 
warning signal. No nuisance tripping— 
no parts to wear out or fail. Available 
on all new Westinghouse motors; all 
types of rewound motors. Write for Bul- 
letin B-7876-R. Westinghouse Electric 
Corporation, Box 868, Pittsburgh 30, 
Pa. You can be sure. . . of it’s Westinghouse. 
J-96180 


Westinghouse (w) 
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téz* switchboard 
instruments 


No friction, higher sensitivity, in- 
fallable repeatability, unaffected by 
shock or vibration (can be shipped in- 
stalled in equipment). These new West- 
inghouse K-241 and K-25! Taut Band 
Suspension instruments available in 444” 
full view 250° scale or 6” rectangular 
100° scale designs. Meet or exceed ASA 
Standard C-39.1. For sample of TBS 
and Bulletins 43-240 and 43-250, write 
Westinghouse Electric Corporation, Box 
868, Pittsburgh 30, Pa. You can be sure 

. of it’s Westinghouse. 


Westinghouse (Ww) 
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NEW 


*Trademark 


VOLTRAP* 
surge suppressor 


Positive surge protection for silicon 
and germanium devices: Available 
in 16 ratings from 30 to 480 volts rms; 


clamping voltage range either 250% or | 


280% of rms voltage rating; 8 dis- 
charge ratings, 2 to 80 amps; polarized 


or non-polarized units. Write for TD | 
19-163. Westinghouse Electric Corpora- | 


tion, Box 868, Pittsburgh 30, Pa. You 


can be sure . if it’s Westinghouse. 
J-96164 


Westinghouse ~w) 
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available in the form of U-cups, O- 
rings, cup packings, flange pack- 
ings, rod wipers, 


Corp., 510 S. Fulton Ave., Mt. Ver- | 
non, N. Y. 


Circle 452 on Page 19 | 


Terminal Blocks 


are wire-wrap type 


Series 145-50 terminal blocks pro- | 
vide an interconnecting link be-| 
tween printed circuitry and wire-| 
Three styles | 
provide a choice of mounting studs, | 


wrap terminations. 


through-mounting holes, and right- | 


angle pins mounting studs and} 
Each model has| 


threaded inserts. 
36 wire-wrap contacts capable of | 
accepting three or more wires, de- 
pending on wire size. Contact ma- 
terial is hard brass, gold plate over 
silver plate. Mounting hardware is 
passivated, corrosion-resistant steel. 


Body is Orlon-filled diallyl phthal- | 


ate. Current rating is 7.5 amp| 
De- | 


maximum. Electronics Div., 
Jur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City 1, N. Y. 


Circle 453 on Page 19 


Check Valves 


have opening 
pressure of 2 psi 


Series 1500 check valves are disc- 
type units housed in a standard hex | 
nipple. Opening pressure is 2 psi. | 
Valves are stocked in brass in 1,,,| 
3%, and 4-in. MPT. O-rings are 
Buna-N and spring and disc are 





and washers. | 
Disogrin Industries, Div., Pellon | 





magnet direct 
current brake 


For all applications that require 
fast stopping of the motor and load. 
Available in six wheel sizes, 8” to 23”, 
meets all AISE standard dimension 
requirements. Uses twin magnet epoxy 
encapsulated coils, has six integrated 
compact sub-assemblies and requires 
only two easy adjustments for shoe wear 
and spring tension. Write for B-8248 
Westinghouse Electric Corporation, Box 
868, Pittsburgh 30, Pennsylvania. You 
can be sure . . . if it’s Westinghouse. 


Westinghouse (w) 
NEW 


Circle 271 on Page 19 


economy K-221 
téz* switchboard 
instruments 


Famous TBS features, plus new 
economy. Lowest priced high quality 
switchboard instrument available today. 


Taut Band Suspension K-22! instru- 
ments offer permanent accuracy and 
are unaffected by shock or vibration 
(even shocks caused by shipping in- 
stalled in equipment). Meets or exceeds 
ASA Standard C-39.1. For TBS sample 
and Bulletin 43.220, write Westing- 
house Electric Corporation, Box 868, 
Pittsburgh 30, Pa. You can be sure... 
if it’s Westinghouse. *Trademark 


Westinghouse (w) 


Circle 272 on Page 19 
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stainless steel. Bodnar & McDermott 
Mfg. Co. Inc., 19 Beechwood Ave., 
Mt. Vernon, N. Y. 

Circle 454 on Page 19 


Bronze-Coated Rods 


for linear applications 
are rustproof 


New rod material, Bronze Case, in 
combination with hardened-steel 
bushings, is available for piston and 
guide rods and similar linear appli- 
cations. Bronze bearing material is 
put on the large area of the shaft 
instead of being confined to the 
bearing area within a bushing. This 
provides reductions in the cost of 


bushing and rod replacements and 
reduces downtime production losses. 
Cost of lubrication is reduced, as 


well as the size and weight of many 


mechanisms. Combination — elimi- 
nates rust and nick problems. 
Bronze Case rods are available in 


eight standard diameters from %, 


n equipment like these tablet forming machines, dust and to 3 in. Diameter tolerance to 2 in. 
spillage are more than just a nose-tickling nuisance. Unless con- is + 0.0000, — 0.0005 in. For 2 in. 
trolled, dust can cause costly maintenance problems and can and over, it is +0.0000, —0.0007 
seriously hinder production. in. Thomson Industries Inc., 1029 
Plandome Rd., Manhasset, N. Y. 

Circle 455 on Page 19 





Here, incorporation of a Spencer vacuum unit permits immediate 
pick up of the puff of dust which develops each time a tablet is 
pressed. This sensible arrangement has several advantages: 


M@ ‘Down time” is reduced because dust doesn’t work into Appliance Switch 


moving parts. requires less than | cu in. 


M@ Health hazards are diminished. | Of behind-panel space 

M@ Production is speeded because less ‘‘clean up"’ is required. Snap-action switch for manual or 
M@ General working conditions are improved. mechanical operation of vending ma- 
chines, refrigerators, and other appli- 


ances requires less than | cu in. of 
behind-panel space. Designated 


Perhaps a Spencer vacuum unit can improve the design of your 
product. For a no-obligation analysis and suggestions, write out- 
lining your problem. 


ee. 


REQUEST CATALOG NO. 155B, ‘“‘SPENCER VACUUM”’. 


Te SPENCER 


TURBINE COMPANY 
HARTFORD 6, CONNECTICUT 
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A OB) 8 
DESIGN 
TRENDS 


ARTHUR A. NICHOLS 


NEW BUILT-IN PUMP 
PERFORMS WELL UNDER 
VARIABLE CONDITIONS 


» The development of three matched 
Gerotor pump elements that can be 
designed right into any mechanism 
requiring a pumping function, offers 
important design and performance 
advantages 


Fig. 1. 


frame of mechanism, 
and mounting of separate, complete pump. 
» The Gerotor 

pump is a posi- 

tive displace- ~ 

ment type, de- 

livering a pre- 

determined 

amount of 


fluid in direct INTAKE CYCLE 


proportion to 
speed. It is a 
form of inter- 
nal gear pump 
— simple and 


compactin 
basic design, 
(has only two moving parts). It is 
lightweight, valveless, provides excep- 
tional performance and has low wear 
over a long service life. It is balanced 
and extremely quiet in operation. 


DISCHARGE CYCLE 


> Low relative speed and closely held 
clearances between the two Gerotor 
elements maintain high mechanical 
and volumetric efficiency. 


» Slow opening of the chamber as it 
traverses the large inlet and discharge 
ports results in avoidance of the sud- 
den shock, rapid pressure change and 
turbulence which, in other types of 
pumps, results in foaming and lowered 
efficiency. Thus, Gerotor pumps offer 
exceptionally good performance over 
a wide range of inlet pressures. 


» Gerotor Insert-Packages can be de- 
signed and mass-produced to deliver 
up to 100 gpm and 1,000 psi within a 
wide range of mechanism geometry. 
That’s because Gerotor pump capacity 
is a function of diameter, thickness, 
number of teeth and rpm of the two 
moving parts. These variables can be 
matched to just about any space re- 
striction and capacity requirement. 


» Technical data is available. Write: 


W. H. NICHOLS CO. 


Makers of Zenith Metering Pumps 
and the Nichols Milling Machine 
“the miller that uses its head’’. 


48 WOERD AVE., WALTHAM 54, MASS, 
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Three Gerotor components permit pump to | 
be incorporated as integral part of housing or | 
elimincte need for purchase | 
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IDM1, switch is rated at 10 amp 
at 250 v ac, 4 hp at 125 v ac. 
Single-pole double-throw contact ar- 
rangement is standard; single-pole 
single-throw, optional. Other fea- 
tures include quick-connect termi- 
nals for easy wiring; integral nylon 
clips for front snap-in installation 
in panels 0.025 to 0.100 in. thick, 
and beryllium-copper, spring-operat- 
ing, fine silver contacts. Except for 
the exposed quick-connect terminals, 
switch is enclosed in a white nylon 
housing with white nylon operating 
plunger. Plunger has a 3-in. over- 
travel and a |4-in. total travel. 
Micro Switch Div., Minneapolis- 
Honeywell Regulator Co., Freeport, 
Ill. 

Circle 456 on Page 19 


Adjustable-Speed Drive 


can be installed at 
floor, wall, ceiling 


No. 410 horizontal countershaft as- 
sembles 3, 5, 7/4, and 10-hp drives. 
Motor mounts at either side of the 
countershaft. Adjustable-speed pul- 
leys provide up to 8:1 range of speed 
variation; either manual or auto- 
matic regulators control speeds. As- 
sembled drive can be installed at 
floor, wall, or ceiling location, and 
shafts can be horizontal or verti- 
cal. Lewellen Mfg. Co., 1428 Tenth 


St., Columbus, Ind. 
Circle 457 on Page 19 


Logic Switch-Light 


in anodized case of 
2.3 in. maximum length 


Miniature Logic Switchlite com- 
bines the versatility and space-sav- 
ing characteristics of Logic Lite and 
Switchlite configurations. Designed 
for high-reliability systems where 
signal and space are limited, unit 
includes a momentary contact 
SPST switch, a transistor/resistor 
circuit for operating the indicator 


The quickest 

most practical way 
to put strong threads 
in soft materials 


the TAP-LOK’ 


: 


HHH 
Bat 
cei 











Another fastener development from= 
GROOV-PIN 


TAP-L OK CORPORATION 





| 1130 Hendricks Causeway, Ridgefield, N. 3. 
Circle 275 on Page 19 
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FRICTIONLESS 
‘BEARINGS! 


SPRING STEEL FLEXURES manufactured under a patented Humphrey 
process are now available for bearing applications requiring limited angu- 
lar rotation. The unitized flexures consist of steel flanges joined by crossed 
high-strength spring steel blades. They are much easier to install than ball 
bearings, have no friction or backlash, require no lubrication and are 
insensitive to dirt. Dozens of sizes are available ranging upward from 4” 
outside diameter by %,” long and can be provided in a wide range of 
spring rates. Recommended for instrumentation or mechanical devices 
of many kinds. Write for catalog sheet. 


Dept. HDN-1 Humphrey Ine. 


2805 Canon Street 
San Diego 6, Calif. 





ELECTRO MECHANICAL INSTRUMENTS 
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Revolutionary 
BOAT 
TRAILER 
uses — 


SPRING LOCK WASHERS 


— for long-life dependability 


FOLLOW THE LEADERS! Improve your products and reduce produc- 
tion costs with NATIONAL Spring Lock Washers or NATIONAL Retain- 
ing Rings. These economical fasteners make it possible to simplify 
designs . . . save on materials and weight, cut down production oper- 
ations, facilitate assembly. Request catalogs, or ask NATIONAL for a 
recommendation on your specific design application. 


The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 
NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN 
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at low signal levels, and a replace- 
able, plug-in lamp and resistor unit 
which activates the switch. Lamp 
can be either neon or incandescent. 
All functions are incorporated in 
an anodized case measuring 2.3 in. 
maximum length with 1.38 in. be- 
hind the panel. Variety of lens 
shapes and colors is available, and 
unit is supplied with turret or ta- 
per socket pin terminals. Eldema 
Corp., 1805 Belcroft Ave., El Monte, 
Calif. 


Circle 458 on Page 19 


Cryogenic Metal Seal 

is furnished in sizes 

from | to 20 in. 
Naflex cryogenic metal seal pro- 
vides leakproof sealing through 
high and low extremes of pressure. 
It requires lower bolt and flange 
loads than those necessary for gas- 
kets and for most other types of 
seals, and is repeatedly reusable. 
Seal, in aluminum with Teflon- 


covered sealing points, is available 
in sizes from 1 to 20 in. Rocket- 
dyne Div., North American Avia- 
tion Inc., 6633 Canoga Ave., Cano- 
ga Park, Calif. 


Circle 459 on Page 19 


Transistor Clip 


for TO-23 case size 
Transistor clip of cadmium-plated 
beryllium copper has two annealed 


tabs for insertion in a printed-cir- 
cuit board. Tabs bend to lock in 
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Is This Job 


for You? 





August 3, 1961 


BACKGROUND—Recent degree in mechanical or electrical en- 
gineering, About three years of design-engineering experience. 


ABILITIES—Able to evaluate technical information on design 
techniques, new machines, components. Provable ability to write 
clearly and accurately. Should work well with people, have 
initiative and imagination, demonstrate creative as well as prac- 
tical ability. 


ENVIRONMENT-—-Cleveland, Ohio, with some out-of-town 
travel. As assistant editor on MD’s staff of 21 engineer-editors. 
In Penton Publishing Company, a growth company, with 5 mag- 
azines and some 60 editors. 


COMPENSATIONS—Salary comparable to that in industry. 
Chance to grow within the company. Unusual opportunity to 
broaden education, experience, and contacts. Stimulating work. 


If this appeals to you not merely as a job but as the basis of 
a career, write at once (with all pertinent facts) to the Editor, 
MACHINE DESIGN, Penton Building, Cleveland 13, Ohio. 












































INTER-LOCKING FEATURE 


CHANNEL READY FOR USE 


U, S. PAT. 2,288,329 


~--INTER-LOCKING -- 
FEATURE 


INTER-LOCKING FEATURE 


CLOSED 
ASSEMBLY COMPLETED 








Self-Locking Rubber Channel 
for Mounting Glass in Body Panels 


Its one-piece design locks and seals 
in one operation. No extra locking- 
strip needed. It’s the faster, sim- 
pler method for mounting glass in 
any type body panel—truck, trail- 
er, bus, boat, train, plane, etc. 


Extruded with inter-locking fea- 
ture at direct right angle to body, 
the Continental Channel permits 
unhampered insertion of glass. 
Locking tongue is pressed into its 
matching groove which forces the 
lips against both the glass and body 
panel—a more positive seal with 
exceptional push-out pressure. 


Compounded for maximum 
weather resistance and extra long 
life. Close durometer tolerances are 
held for uniformly tight seal against 
moisture and surest possible lock- 
ing. These rubber channels can be 
positioned first on either glass or 


body panel. All details are shown 
in illustrated brochure gladly sent 
on request. 

Ordered and re-ordered by the 
most prominent body builders, 
this Self-Locking Channel is an- 
other example of the creative 
thinking and ingenuity behind 
rubber parts by Continental. When 
you need rubber parts to do a 
specific job, call a rubber specialist 
during the planning stage. This 
often makes for economy as well as 
better end results. Call Continental 
—rubber specialists since 1903. 
Engineering catalog. 

In addition to custom-made parts, 
Continental offers an extensive line of 
standard grommets, bushings, bump- 
ers, rings and extruded shapes. Hun- 
dreds of these are shown in the No. 
100 Engineering Catalog. Send for a 
copy or refer to it in Sweet’s Catalog 
for Product Designers. 


Cbeother adbivement in ROBBER? 
ongiread tg CONTINENTAL 


CONTINENTAL RUBBER WORKS «+ 1984 LIBERTY ST. + ERIE 6 » PENNSYLVANIA 
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place. For TO-23 case size, clip is 
slotted to eliminate damage to the 
transistor during insertion. Clip, 
designated 100-320, has tab lengths 
from 1/32 to 14 in. long for use 
with different board thicknesses 
and with other platings. Atlas 
Div., Atlee Corp., 47 Prospect St., 
Woburn, Mass. 

Circle 460 on Page 19 


Paper-Base Laminate 
has high 


flame resistance 


Phenolite Grade EP-492-1 copper- 
clad, epoxy-paper-base laminated 
plastic is available for printed-cir- 
cuit manufacturing. It offers bet- 
ter electrical properties than XXXP 
grades, and improvements over 
standard epoxy-paper laminates in 
flexural strength, cold shearing, and 
flame resistance. Maximum oper- 
ating temperature is 250 F. Mate- 
rial is cream-colored and has a dull 
finish. It is furnished in 39 x 39 
and 39 x 47-in. sizes. Copper-foil 
cladding is supplied in 1 and 2-oz 
thicknesses. National Vulcanized 
Fibre Co., 1061 Beech St., Wilming- 
ton 99, Del. 

Circle 461 on Page 19 


Synchronous Mofor 
has 1000 oz-in. 
torque rating 


Slo-Syn synchronous motor, Type 
X1000, is suited for on-off ac servo 
applications where a 72-rpm speed 
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and 1000 oz-in. torque are required. 
Motor can be started, stopped, or 
reversed instantly with a single-pole, 
three-position switch. Ratings are: 
Input, 120 v, 50/60 cycle, single 
phase, 3.0 amp maximum current 
(at 60 cycles); 72-rpm output speed 
at 60 cycles; 1000 oz-in. torque. 
Unit conforms with Class 1, Group 
D explosionproof specifications. Su- 
perior Electric Co., Dept. X1000, 


Bristol, Conn. 
Circle 462 on Page 19 


Relief Valves 
have 15 to 200-psi settings 


New relief valves for use in all types 
of pressure systems have Neoprene 
seals, stainless-steel springs, and 
cast red-brass bodies. Available with 
15 to 200 psi settings, valves have 





sqaqnenrmn 


eadedade 


standard setting of 125 psi. Units 
are suitable for use wherever pop- 
off or by-pass relief valves are 
needed. Mansfield Sanitary Inc., 


Perrysville, Ohio. 
Circle 463 on Page 19 


Standard, Special Fasteners 


in aluminum, stainless steel, 
and silicon bronze 


Expanded line of aluminum, silicon- 
bronze, and stainless-steel fasteners 
to complement line of steel and non- 
metallic fasteners is now available. 
Specially designed and conventional 
fasteners from the new materials 
meet requirements for high corrosion 
resistance, high strength-to-weight 
ratio, and light weight. Aluminum 
hex screws from 2024-T4 alloy and 
hex nuts from 6061-T6 alloy are 
carried in sizes from !/, through 3/,- 
in. diam. No. 10 and 14-in. open- 
end acorn and acorn lock nuts are 
also available from stock. Stocks of 
silicon-bronze hex nuts, heavy nuts, 
and hex screws through 3/-in. diam 
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FORWARD Bar 


with FURNAS FIRSTS 





FURNAS 
ELECTRIC 


For many years Furnas Electric has pioneered development 
of outstanding magnetic control features that are now used 
extensively throughout the motor control industry. Among 
“Furnas Firsts” are the outstanding features listed below. 


TRULY TRIP-FREE THERMAL OVERLOAD RELAYS —melting alloy type. 
Non-adjustable trip features assure tamper-proof operation. 


ENCAPSULATED DUAL VOLTAGE COILS—greater heat dissipation, 
and greater mechanical strength. 110-220 or 220-440 volts. 


IN-BETWEEN SIZES—provide wider selection of controls to match your 
motor requirements, effecting savings in cost and space, 


AUXILIARY SWITCHLETS—offer easy means for adding auxiliary cir- 
cuits to the starter at any time, 


PRESSURE OPERATED MAGNETIC STARTERS —a single unit offering 
pilot control for pneumatic and hydraulic systems, eliminating unneces- 
sary wiring and piping. 


Write today for full information—1045 McKee Street, Batavia, Illinois 


FURNAS 


ELECTRIC COMPANY : Batavia, Illinois 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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NOW 


ROBBINS 


J SMALL 


O DEHYDRATORS 


FOR ELECTRONIC APPLICATIONS 


_ 


SS 


A703 Series 


FOR INSTRUMENTS AND COMPONENTS 
PRECISION MADE FOR PERFORMANCE! 


A949 Series 


FOR CABINETS 
SMALL... EFFICIENT...REFILLABLE OR THROWAWAY ELEMENTS 


Robbins Instrument Type Dehydrators and 
Air Purifiers are specifically designed to 
protect delicate sealed instruments, relays, 
sparking contacts and other similar com- 
P ts from ture, contamination, oil 
vapor, fuel vapor and corrosive or explo- 
sive gases. They are connected directly in 
the system line. Fiberglass filter pads con- 
trol downstream particle size to less than 
10 microns nominal. On two models, at- 
tractive transparent Lucite housings permit 
desiccant materal and moisture indicator to 
be visible at all times. 





Robbins disposable type Cabinet Dehydra- 
tors are designed for static drying and 
purifying applications, such as in sealed 
electronic cabinets or boxes where it is 
important to guard components from mois- 
ture, humidity effects, fuel fumes and other 
vapor contaminants which may enter the 


box when it is opened for service or inspec- 
tion. They remove moisture from the air 
or gas in the sealed cabinet to very low 
relative humidity and vapor contamination 
level. Equipped with an indicator which 
shows the relative humidity condition of 
the desiccant and interior atmosphere. May 
be held in place inside the cabinet with 
a standard “snap in” type component clip. 
For cabinets that are required to breathe 
one model is 
threaded on 
both ends and 
may be screwed 
into a threaded 
port in the cabi- 
net wall so that 
all air breathed 
in or out will 
pass through it 
and be dried 
and purified. 


Write TODAY for 20- 
page illustrated bro- 
chure in color! 


3817 S. Santa Fe Ave. 
Los Angeles 58, California 
LUdlow 9-5221 
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are now maintained. Stainless-steel 
hex screws and nuts are manufac- 
tured from Type 305 alloy to 34-in. 
diam in lengths to 9 in. Russell, 
Burdsall & Ward Bolt & Nut Co., 
Dept. SP, 104 Midland Ave., Port 


Chester, N. Y. 
Circle 464 on Page 19 


Silicon-Controlled Rectifiers 


are 25-amp units 


TI-150 series of diffused silicon-con- 
trolled rectifiers in stud package are 
rated for an average rectified for- 
ward current of 25 amp at 100C, 
carrying a maximum de current of 
35 amp at 95C. Rated breakover 
voltages, both forward and reverse, 
for the series are 50, 100, 200, 300, 
and 400 v respectively for the TI- 
150, 151, 152, 153, and 154. Semi- 
conductor-Components Div., Texas 
Instruments Inc., P. O. Box 5012, 


Dallas 22, Tex. 
Circle 465 on Page 19 


Pneumatic, Hydraulic Cylinders 


in 11 bore sizes from 
114, through 14 in. 


Series A2 cylinders are rated at 250 
psi air and up to 2400 psi hydraulic. 
Cylinders have both cushion ad- 
justment and ball-check flush in 
cylinder end plates, saving space 
and eliminating clearance prob- 
lems. Removable cartridge has 
compensating lip-type wiper seal; 
flexible, self-adjusting, multiple-lip 
rod seal; and long bronze bearing 
that provides maximum rod support 
when the piston rod is extended. 
Cylinders are available in 11 bore 
sizes from 114 through 14 in. with 
25 mounting styles and a wide 
range of piston-rod diameters. S-P 
Mfg. Corp., 30201 Aurora Rd., 
Cleveland 39, Ohio. 

Circle 466 on Page 19 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Drawing Table-Desk 


is adjustable from 
30 to 46-in. height 


Planofix metal drawing table-desk 
is lightweight and easy to handle. 
Frame is heavy-gage steel, U-shape, 
and heavy connecting tube gives the 
unit high rigidity. Adjustable from 
a low horizontal position of 30 in. 
to a high of 46 in., unit can be 
fixed at any intermediate position 
and can be adjusted to any inclina- 
tion from absolutely horizontal to 
complete vertical. Adjusting device 
on one leg of the frame permits 
adaptation to any floor condition. 
One adjusting knob regulates 
height; another adjusts the back 
to any desired angle. Table is 


equipped with a 30 x 40-in. draft- ; 


ing board and detachable tray for 
drawit.g instruments. D-H Asso- 
ciates, 556 W. Monroe St., Chicago, 


Ill. 
Circle 467 on Page 19 


Silicon Strain Gages 


for temperatures from 
— 320 to +650 F 


1 





| 
| 
| 
| 


| 


It takes only a minute to clean out and 
re-fill air cleaner bow! at bottom. Sight 
check tells when pre-cleaner bow! at top 
should be emptied. 


2 





Extreme dust and chaff may be a prob- 
lern on some jobs. Shrouding design, 
standard on agricultural engines, permits 
easy cleaning of cooling system. 


4 


Crankcase oil has to be changed in any 
engine — and a Wisconsin Engine is no 
exception. Operating conditions deter- - 
mine frequency. 


Perret. 
a ee 


ott net ‘i 





Parts and instruction book — free with 
each new engine — contains heipful in- 
formation for keeping the Wisconsin 
Engine in top operating condition. 


simple field maintenance 


_—another big reason for powering 
your equipment with a WISCONSIN 


MS301-120 microminiature silicon | 


strain gage (shown) measuring 


0.05-in. active length is one of 29 | 


new semiconductor 


strain gages | 


now available. Gage lengths range | 


from 0.05 to 0.5 in. length, with 


resistance ranging from 120 to 1000 | 
ohms and gage factors from +120 | 
to —100. Temperature range of the | 


August 3, 1961 


Beside adding fuel and oil, 
keeping it clean is all the 
routine field maintenance 
that an air-cooled Wiscon- 
sin requires. A well-main- 
tained engine lasts longer 
and your customer’s equip- 
ment performs up to his 
expectations in capacity and 
cost-cuting efficiency. Out- 
put rises and costs slide. 


Keep your customers sold on 
your equipment. Power it 
with a heavy-duty air-cooled 
Wisconsin — the engine 
that’s precision-built to give 
the most hp hours of service 
with the least care and at 
lowest upkeep cost. Get Bul- 
letin S-254 covering the en- 
tire Wisconsin line, 3 to 56 
hp. Write Dept. O-11. 


Pan> WISCONSIN MOTOR CORPORATION 


MILWAUKEE 46, WISCONSIN 
World’s Largest Builders of Heavy-Duty Air-Cooled Engines 
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TRANS- 
MISSION 
IDEAS 

TO WORK: 


Let Warner Automotive Division design 
and manufacture reliable, economical 
B-W power transmission parts for your 
specific needs. Our engineering depart- 
ment is at your service for all types of 
splined shafts, ring and pinion gears, 
gear boxes, miter boxes, differential parts 
and assemblies, power train assemblies 
and power take-offs. 


NEW WA-83 MITER BOX 


Packed with lifetime grease, a new right 
angle drive, 15 h.p., 1:1 ratio miter box 
by Warner is light weight and compact. 
Direction of rotation is easily reversed 
by a simple change in gear placement. 
Hardened nickel alloy steel gears and 
shafts insure the long life and extra dura- 
bility that are so important to trouble-free 
operation. 


It's a better product when Warner has a 


part in it. Consult our engineers without 
obligation. 


AUTOMOTIVE DIVISION 


BORG-WARNER CORPORATION 
AUBURN, INDIANA 
For Hydraulic Power Transmission, 
See Wooster Division 

Circle 283 on Page 19 
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expanded line is from —320 to +650 
F. Gages are available with or 
without adhesive backings. Micro 
Systems Inc., 319 Agostino Rd., San 
Gabriel, Calif. 

Circle 468 on Page 19 


Rubber-Stamp Kit 


contains three 
graph patterns 


New graph rubber-stamp kit solves 
the problem of recording graph 
material entailed in engineering 
notebooks, reports, and correspond- 
ence without using graph paper. 
Kit includes three graph patterns 
—100 blocks per sq in.; 1/4-in. grid 
pattern with 16 blocks per sq in.; 
and polar co-ordinate graph stamp, 
a 3-in. diam circle with major sub- 
divisions at 15 deg and small mark- 
ings at each 5 deg. Large 314 x 























6!4-in. ink stamp pad is included. 
Edmund Scientific Co., Barrington 
54, N. J. 
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Graphing Instrument 


has 12 log cycles and 
three linear scales 


Graphing instrument called Alsrule 
converts a plain sheet of paper into 
a custom plot with linear or log- 
arithmic scales of any length, num- 
ber of cycles, scale modulus, or con- 
figuration. Unit is a simple Vinylite 





THE WAY 
TO CUT 
EXCESSIVE 
WEAR 


LISLE 


Z 


‘PLUGS 


Iron and steel particles that wear 
off moving parts and circulate in 
the lubricant are a primary cause 
of wear to bearings, bushings, 
gears, cams, etc. 


The powerful magnet in the Lisle 
Magnetic Plug pulls these particles 
out of the lubricant — assuring 
longer, quieter, trouble-free, oper- 
ation of your product. 


Lisle Magnetic Plugs can be used 
in place of any ordinary drain or 
fill plug. 


FREE Samples for Testing in 
Your Product! 
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4 
Plunger Type 


MERCOID 


MERCURY 


If you need reliability and dur- 
ability, this quality built relay by 
Mercoid is your answer. 


For heavy duty loads, such as | 


resistance heating, (domestic, 
commercial, industrial) —heat 


treating furnaces, drying equip- | 


ment, welding, lighting, illumi- | ‘ 
w g, lighting, illumi | nominal 


nated signs, score boards. 


Hermetically sealed mercury to | 


mercury contact provides visible 
on-off operation. Silent and chat- 
terless. Quickly mounted, easily 
wired. Speeds up to 100 opera- 
tions per minute. 





CONTACT RATING 





NON INDUCTIV 


LOAD HEATER LOADS 





ac; pc AC ONLY 








120V. -} 15A, 
240V.| 20A.} 10A. 
440V,) 8A.] — 


120V, 35A. 
240V. 25A. 
440V. 10A. 




















20 
THE 


MERCOID 
CORPORATION, 


4209 Belmont Ave., 
Chicago 41, Ill. 
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| plastic chart, measuring 4 x 8 in., 
| with a variety of scales provided 
' on both sides. Twelve log cycles, 
| ranging from 3, to 4 in., and three 
| linear scales are arranged around 
| the periphery for direct plotting use. 
| Two triangular charts, one linear 


and one logarithmic, provide scales 
of varying moduli. Instrument is 


| punched for insertion in a three- 
ring notebook. Technical Marketing 
| Associates Inc., Concord, Mass. 
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| Miniature Accelerometer 


has flat base for 
adhesive mounting 





ad oe 


| Model 2226 accelerometer weighs 
| 2.75 grams, is 34 in. hex and 21/64 


in. high including connector. Flat 
base permits mounting by any of 
a variety of adhesive techniques. 
Design provides high sensitivity 
and capacity, and incorporates me- 
chanical isolation from cable stress- 
es. Temperature range is —65 to 
+350 F with 15 per cent or less 
sensitivity deviation 
through the temperature range. En- 
devco Corp., 161 E. California 
Blvd., Pasadena, Calif. 
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_ Electronic Counters 


for control and 
test applications 


| RIG Series A counters are high- 
| performance electronic units for con- 


trol and test applications. Fast 


| counting rates up to | megacycle 
| are possible. Counters are available 
| in three, four, five, and six-place 


models, and have a preset count- 
detection capability to 250 ke, They 
can be used for time-interval gener- 
ating and frequency aividing. Preset 
count indication is both electrical 
and visual. Ridgefield Instrument 
Group, Div., Schlumberger Corp., 
Ridgefield, Conn. 
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TO PUT YOUR 


TRANS- 
Tiss 


Pi 
SERIES 


CAPACITIES: 
0.4 TO 1.6 GPM AT 
2000 RPM AND 2000 PSI 


DISPLACEMENT: 
05 TO .20 CU. IN. 


MAXIMUM SPEED: 
4000 RPM 


Pressure loaded* for higher 
efficiency, longer life—Optional side, 
rear or combination porting—Special 
alloy tin-aluminum bearings as used 
in heavy-duty industrial engines, 

all interchangeable—Double lip shaft 
seal—Hardened and ground steel 
gears and shafts—High quality, high 
tensile aluminum bodies and covers. 


Consult our Engineering Department 
for application of these pumps 
at higher pressures. 

* Patent Nos. 2420622, 2823615, 2624522 


WOOSTER 
DIVISION 


BORG-WARNER CORPORATION 
WOOSTER, OHIO 
For Mechanical Power Transmission, 
See Warner Automotive Division 

Circle 286 on Page 19 





AJAX ability to handle angular and offset misalignment 
totaling 7 degrees and more is preventing breakdowns, 
relaxing production tolerances, cutting assembly and 
maintenance costs. Write for catalog. 


AJAX FLEXIBLE COUPLING CO. INC. 
102 Portage Road Westfield, N.Y. 


Incorporated 1920 Representatives in Principal Cities 
Circle 287 on Page 19 





ASSURED SELF-LUBRICATING SECURITY 
wre LU BRITE 


” L 
Boking Ovens & High 
Temp 


Meterials Hendting Equipment Chemical & Refinery Poper, Food, Rubber Mydro-Electric Gote Beorings 


& Conveyor Systems Processing Plants & Textile Mochinory ond Accessory Equipment 








Lubrite self-lubricating bearings offer great versa- 
tility in hundreds of fields where dependability | Send for this free 20- 
and superior performance are of prime importance, | eoge Lubrite Manual No. 
p ‘ 55 — it contains complete 
Lubrite Bearings. with clean, permanent, if ti hnical dota 
maintenance-free seli-lubrication are designed | ond specifications about 
to withstand severe | ings. temperature ex- |Lubrite Self-Lubricating 
tremes, submersion. corrosion and other adverse |Expansion Plates and 
conditions. Bushings. Write today! 








Lubrite may be just the bearing you need in Available now — New Manual No. 56 
your designs to obtain better results. with complete technical information about 


Consult our Engineering Department on yo LUBRITE SELF-LUBRICATING BUSHINGS, 
application, No obligation. Your | BEARINGS & WASHERS. 


Write for your copy. 


LUBRITE DIVISION 
MERRIMAN BROS., INC. 
188 AMORY STREET, BOSTON 30, MASSACHUSETTS 
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THE ENGINEER'S 


Library 


Recent Books 


Shock and Vibration in Linear Systems. 
By Paul A. Crafton, 6 by 9'/, in., cloth- 
bound; published by Harper & Brothers, 
49 East 33rd St., New York 16, N. Y.; 
available from Macuine Desicn; $10.00 
per copy postpaid. 


This book presents the funda- 
mental principles of shock and vi- 
bration phenomena and methods of 
application to general mechanical 
and structural systems. It provides 
a unified analytical and theoretical 
treatment using the operational cal- 
culus of the Laplace transform, 
transfer functions, mechanical im- 
pedances, and mechanical circuits. 
Special emphasis is given steady- 
state phenomena. Specific topics 
include differential equations of 
motion, the transfer function, trans- 
lational and rotational modes of 
shock and vibration, nonsinusoidal 
inputs, wave equations for autono- 
mous systems and force and motion 
inputs. 


Optimum Design of Mechanical Ele- 
ments. By Ray C. Johnson; 535 pages, 
6 by 9 in. clothbound; published by 
John Wiley & Sons Inc., 440 Park Ave. 
South, New York 16, N. Y.; available from 
Macuine Desicn; $1!.50 per copy post- 
paid. 


This book presents a method of 
explicit mechanical design. It mini- 
mizes the “cut and try” practice 
and takes into account the unavoid- 
able limitations confronting me- 
chanical design engineers. Pri- 
marily considered is that type of 
design problem whose solution de- 
pends on the employment of some 
theory. However, it does not pre- 
clude such problems for which a 
satisfactory solution can be ob- 
tained without a consideration of 
theory. Specific topics discussed in- 
clude approximations for explicit 
design, effects of manufacturing er- 
rors on product performance, meth- 
od of analysis, mechanical prop- 


| erties of materials, statistical con- 


sideration for factor of safety, de- 


Macuine Desicn 
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sign of axially loaded members, and 
design of torsion shafts, beams, and 
gears. 


Effective College Recruiting. By George 
S. Odiorne and Arthur S. Hann; 288 
pages, 6 by 9 in., clothbound; published 
by Bureau of Industrial Relations, The 
University of Michigan, Ann Arbor, Mich.; 
available from Macuine Desicn; $5.00 per 
copy postpaid. 


This report is based upon research 
corducted by the Bureau of Indus- 
trial Relations, The University of 
Michigan, during the spring recruit- 
ing season of 1960. It consists of a 
study of the underlying manpower 
economics of college recruiting, a 
survey of company recruiting strate- 
gies, the on-campus tactics of re- 
cruiters, the standards recruiters use 
in selecting candidates, the students’ 
views of the recruiters and some 
hints on understanding college stu- 
dents, It reports on an analysis of 
134 company brochures, and spells 
out the procedures of a typical place- 
ment department of a large uni- 
versity. 


Government Publications 


OTS Technical Reports. ne of re- 
ports listed below are available from Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C. 


OTS 171082, Investigation of Creep Buckling 
of Colamns and Pilates, Part 2. By Ralph 
Papirno and George Gerard, New York Uni- 
versity; 46 pages, 8% by 10% in., paper- 
bound, stapled. 

Creep buckling and short time buckling 
experiments were performed on columns of 
Titanium Alloy Ti-7Al-4Mo with simulated 
simple support and fixed and boundary condi- 
tions. Both end shortening and central deflec- 
tion were recorded autographically during load- 
ing and during creep. Excellent creep prop- 
erties of the test material indicate that creep 
buckling tests must be conducted at 950 F or 
higher for creep buckling to occur in reasonable 
times at stress levels below the short time 
compressive yield strength. 


NRL Report 5517. Corrosion of Metals in 
Tropical Environments, Part 5 — Stainless 
Steels. By B. W. Forgeson, C. R. Southwell 
and A. L. Alexander, U. S. Naval Research 
Laboratory; 19 pages, 8 by 10% in., paper- 
bound, stapled; $0.50 per copy. 

Over a period of eight years, six stainless 
steels were exposed to underwater and at- 
mospheric environments in the Panama Canal 
Zone. The steels were severely pitted during 
sea-water immersion. The metals were prac- 
tically unattacked when submerged in fresh 
water. Precautions should be taken to eliminate 
cracks where passivity-destroying agents could 
accelerate pitting attack. 


TN D-799. Investigation of Three Analytical 
Hypotheses for Determining Material Creep 
Behavior under Varied Loads. By Avraham 
Berkovits, Langley Research Center; 40 pages, 
7% by 10% in., paperbound, stapled; $1.00 
per copy. 

Three existing hypotheses are formulated 
mathematically to estimate tensile creep strain 
under varied loads and constant temperature 
from creep data obtained under constant load 
and constant temperature. The hypotheses in- 
vestigated include the time-hardening, strain- 
hardening, and life-fraction rules. Predicted 
ereep behavior is compared with data obtained 
from tensile creep tests of 2024-T3 aluminum- 
alloy sheet at 400 F under cyclic-load condi- 
tions. 
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SEND FOR YOUR FREE COPY 


JaH Guide shows 
how motors can be 
customized to fit your product design 


Here’s help from Jack & Heintz that shows you how to free your 
designs from strait-jacketing motor specs . . . at moderate cost even 
in moderate quantities. It shows how J&H motor elements and 
characteristics can be tailored to your product envelope, and indicates 
relative costs and minimum practical quantities for each modification. 
Use the coupon or your letterhead. 


Sack & HEINTZ 


A OIVISION OF THE SIEGLER CORPORATION 





JACK & HEINTZ, P. O. Box 6719, Cleveland 1, Ohio 
Please send copy of ‘‘New Motor Dimensions for the Product Designer”’ 


Name 











Company. 
Address 
City 
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METAL BEARINGS OR PLASTIC? 


How do you decide? 
Polymer is ready to help. 


The above bearings are made of 
POLYPENCO industrial plastics. 
Their individual and unique bearing 
characteristics make them better than 
metal for many applications . . . with 
lower costs and improved performance. 


In mechanical areas previously domi- 
nated by metals, engineers have found 
POLYPENCO bearing materials can 
perform better, wear longer (with or 
without lubrication) and materially re- 
duce maintenance and replacement. 


1. POLYPENCO® MCt NYLON A new economi- 
cal nylon formulation to meet the need for large 
nylon bearings. It possesses high compressive 
strength and a heat distortion temperature above 
both type 6 and 66 nylon. 


2. POLYPENCO K-51 PENTON® A chiorinated 
polyether with outstanding chemical resistance and 
high strength. Especially well suited for chemical 
applications that require better mechanical prop- 
erties than TFE 


3. POLYPENCO TFE-FLUOROCARBON Pos- 
sesses a very low coefficient of friction. Will not 
exhibit “slip-stick” and high starting torque is not 
required. Unique as a bearing material for lightly 
loaded applications 


Another advantage— 


Polymer’s broad line of bearing plastics 
permits you to select the best com- 
bination of chemical, electrical, thermal 
and mechanical properties you need for 
a specific application. 


Your Polymer representative stands 
ready to give you the technical assist- 
ance you require to select the best 
industrial plastic to improve perform- 
ance of your parts and components— 
whether they are bearings, bushings, 
rollers, seals, gears, general tooling, 
wear strips or other wear parts. Write 
today for BR-O, general design catalog. 


4. POLYPENCO 101 NYLON A widely used 
plastic bearing material. Has good mechanical 
strength, chemical resistance and frictional proper- 
ties. Easily machinable. 


5. NYLASINT® NYLON PARTS Parts formed 
by cold pressing and sintering nylon powder. Are 
impregnated with oil and alloyed with fillers to 
provide premium wear resistance and outstanding 
dimensional stability. 


6. FLUOROSINT® TFE COMPOSITION A TFE 
base material which has excellent mechanical 
stability up to 500°F . Exhibits superior wear resist- 
ance while maintaining the electrical and chemical 
resistance of unmodified TFE-fluorocarbon. 


7. NYLATRON® GS NYLON A molybdenum 
disulphide-filled nylon formulated with premium 
bearing properties. The moly-sulphide filler pro- 
vides a low coefficient of friction and excellent 
abrasion resistance. 


*Hercules Powder Trademark 
+The Polymer Corporation Trademark 
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7 THE POLYMER CORPORATION OF PENNA. 


POLYPENCO’ 


Polypenco, Ltd., ENGLAND + Polypenco, GmbH., WEST GERMANY «+ Polypenco S.A.R.L., FRANCE 


Reading, Pa. 


Cugivecred Spuluinial Plasilee 


EXPORT: Polypenco, Inc., Reading, Pa., U. S. A. 
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REPRINTS 


Complete reprints of major article 
series and collections of articles, and 
extra copies of Macuine Desicn 
Books, are available from: Reader 
Service, MacHINnE Desicn, Penton 
Bldg., Cleveland 13, Ohio. Remit- 
tance or company purchase order 
must be enclosed with your order. 
Add 3 per cent to orders in Ohio to 
cover State Sales Tax. 


The Bearings Book, 1961 Edition (256 
pp.) $2 

The Seals Book, 1961 Edition (240 pp.) 
$2 

The Fasteners Book, 1960 Edition (236 


pp.) $2 

AC Motor Control, by J. Ronald Wickey 
and Arthur S. Newman, Jr., 1960-61 (40 
pp.) $I 

Preventing Fatigue Failures, by F. B. Stu- 
len, H. N. Cummings, W. C. Schulte, 
1961 (32 pp) $1 

Simplified Vibration Analysis by Mobility 
and Impedance Methods, by R. P. Thorn 
& A. H. Church, 1959-1960 (80 pp.) $2 

Inside the Engineer, by Eugene Raudsepp, 
1958-1960 (52 pp.) $1 

Mobility of Cross-Country Vehicles, by 
M. G. Bekker, 1959-1960 (32 pp.) $1 

Engineering Approach to Hydraulic Lines, 
by Jaroslav J. Taborek, 1959 (36 pp.) $1 

Planning New Products, by Philip Marvin, 
1953-1958 (102 pp.) $3 

Friction-Clutch Transmissions, by Z. J. 
Zania, 1958 (30 pp.) $1 

Design Guide—Flexible Couplings, by Leo 
F, Spector, 1958 (28 pp.) $1 

Special Report on Electric Motors, Staff 
Report, 1958 (42 pp.) $1 

Electronic and Electric Power Supplies 
(Symposium), 1958 (40 pp.) $1 

Human-Factors Engineering, by J. D. Van- 
denburg and C. T. Goldsmith, 1958 (32 


pp.) $1 

Mechanics of Vehicles, by Jaroslav J. Ta- 
borek, 1957 (94 pp.) $2 

Design for Fatigue Loading, by Joseph 
Marin, 1957 (34 pp.) $1 

Hydraulic Servo Fundamentals, by J. M. 
Nightingale. 
Volume 1: May-Nov., 1956 (32 pp.) $1 
ra 2: Nov., 1956—Mar., 1957 (30 
pp.) 
Volume 3: May, 1957—Feb., 1958 (44 


pp.) $1 
Adjustable-Speed Drives (Electrical-Me- 
chanical-Hydraulic), Staff Report, 1954- 
1955 (146 pp.) $2 
MACHINE DESIGN Data Sheets 
1960 (130 pp.) $2 
1959 (136 pp.) $2 
1958 (132 pp.) $2 
1957 (102 pp.) $2 
1956 (114 pp.) $2 
Transactions of the Mechanisms Confer- 
ences 
Sixth Conference, 1960 (152 pp.) $2 
Fifth Conference, 1958 (240 pp.) $3 
Fourth Conference, 1957 (104 pp.) $2 
Third Conference, 1956 (40 pp.) $1 
Second Conference, 1954 (50 pp.) $1 
First Conference, 1953 (48 pp.) $1 
Tips and Techniques 
at one Aids, 1956-1957 (32 
Pp. 
Vol. 2—Engineering Aids, 1956-1958 (30 
pp.) $1 


MAcHINE DEsIGN 








a A ee a ee 


High-Energy Spring 

A compressible solid is housed within a liquid cylin- 
der to provide a lightweight spring with high energy 
absorption characteristics. The spring comprises a liquid 
cylinder (closed at one end by a seal assembly), a 
compressible solid, and a plunger. Movement of the 
plunger to the right increases the pressure of the liquid 
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which is in turn transmitted to the compressible solid. 
The solid is proportioned so that a slight clearance is 
provided between the cylinder walls. This construc- 
tion insures that the material is compressed equally 
on all surfaces and does not have to flow plastically to 
achieve even distribution of pressure. Patent 2,984,478 
assigned to Cleveland Pneumatic Industries Inc., Cleve- 
land, Ohio, by William B. Westcott Jr. 


Fluid-Mechanical Power Coupling 


A fluid-mechanical coupling for engine-drive ac- 
cessories provides rotation at idle speeds while prevent- 
ing excessive torque at high speeds. Control of the 


ene pee faces 
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-Balancing plate 














coupling is provided by inlet and outlet bleed orifices 
in an impeller and turbine assembly. A wet-friction 
clutch is engaged at low engine speed by the pressure 
differential between the housing and impeller. Higher 
engine speed causes the wet-friction clutch to dis- 
engage but the fluid coupling between the turbine and 
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Specify 
Air Power! 


STOCKED FOR 
IMMEDIATE 
SHIPMENT 


Use variable-speed, explosion-proof 


GAST AIR MOTORS 


Need a compact, low-cost motor for original equipment 
or plant use applications? Air may be your answer .. . 
using one of these efficient Gast rotary-vane Air Motors. 
Look at the special advantages they offer you: 


They're explosion-proof — no sparks, no danger! 
Low initial cost compared to other motors. 

Speed variable with simple valve control. 

Can't burn out if overloaded or stalled. 
Reversible rotation optional on some models. 
Rotor vanes take up their own wear. 

Quickly attached to plant air lines. 

Amazingly light, compact for h.p. delivered. 
Ball-bearing; almost service-free design. 

10. Mechanically simple, neat in appearance. 


De ial idle ole all dle es 


° 


Gast Air Motors are supplied as original equipment on 
pneumatic hoists, mixers for paint and chemicals, fans, 
blowers, fuel hose-reel rewinders, liquid pumps, spool- 
ing machines and a host of other products. Used in 
explosive atmospheres and in “hot” locations to 250° F. 





Mode! No. 1AM 2AM 4AM 6AM 8AM 16AM 
HP. at 90 P.S.1., 2000 RPM 013 O57 1.1 20 40 7.0 
Weight, Ibs. oo om wee ca Se 





For complete performance data, write for Air Motor 
Bulletins. Specify models that interest you. 


THEY'LL DRIVE EQUIPMENT 4 WAYS: 


Through direct Gear reducer 
n 
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NOTEWORTHY PATENTS 





impeller is maintained. Because the turbine and im- 
peller rotate at different speeds during engagement of 
the fluid coupling, a pumping action is provided. This 
action reduces pressure in the clutch and prevents high 
torque from being applied to the accessories. Patent 
2,986,955 assigned to Thompson Ramo Wooldridge Inc., 
Cleveland, Ohio, by Edward J. Herbenar. 


Preloaded Indexing Cams 

Bearing mounts, which permit positive preloading 
between two indexing cams and their cam followers, 
also compensate for misalignment and wear. The input 
shaft is rigidly mounted on a pair of roller bearings 


Parallel shofts Input shoft 


Output shoft 
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Cam drum Wheel 


while the output shaft is mounted in ball bearings 
which are eccentrically positioned within openings in 
the housing. Thus, the output shaft may be moved 
toward or away from the input shaft by rotating the 
bearing caps to shift bearing position, thus controlling 


LEIMAN AIR PUMPS 


with the Exclusive 
HINGED VANE DESIGN 


Pa 





nay 158 Christie St., Newark 5, N. J. 
OF Established 1889 


= S LEIMAN BROS., INC. 
ES 
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Vacuum to 29.9 He Pressure to 20 p.s.i.g 


the contact pressure between the cams and cam follow- 
ers. After the caps have been positioned, adjusting 
screws are inserted to clamp the bearing caps in place. 
Patent 2,986,949 assigned to Commercial Cam and 
Machine Co., Chicago, Ill., by Edward W. Lancaster 
and Howard H. Evans. 


Acceleration-Limiting Reel 


A safety reel prevents rotation in an unwinding di- 
rection when a predetermined acceleration is reached. 
Reel comprises a spool, rewind spring, and locking 
mechanism; a single bolt holds the entire assembly. 
Under low-speed rotation, locking pawls remain in 
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withdrawn position within the spool. With high ac- 
celeration, rotation of the spool is resisted by the 
inertia of the pawls. The pawls tend to pivot outward 
and mesh with the stationary locking ring. Patent 
2,982,492 assigned to Aerotec Industries Inc., Conn., 
by James F. Spielman. 


Practically take care of themselves 


Self-honing surfaces. Curved cast 
iron vanes rotating against cast 
iron cylinder walls hone wear sur- 
faces to a hard, glassy smoothness. 
Provides continuous leak-proof seal 
and low-friction operation. 


Self-renewing vanes. Cast iron vanes 
take up their own negligible wear. 
No composition tips to wear and 
renew. Provides years of new- 
pump efficiency. 


Self-oiling. Leiman Automatic Oiler 
feeds the right amount of oil while 
running—needs no manual regula- 
tion—prevents over-oiling— 
reduces possibility of oil-staining. 


LEIMAN air pumps 


Volume to 162 c.f.m 
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How To Get Things Done 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, spot- 
lighted in color. You See what is happening at a glance. 
Facts at eye level—saves you time, prevents errors. 


Simple, flexible—easily adapted to your needs. Easy 
to operate. Type or write on interchangeable cards, 
snap in grooves. Ideal for production, scheduling, sales, 
traffic, inventory, etc. Made of metal. Compact, attrac- 
tive. 


Full price $4,950 with cards 


FREE 24-Page Illustrated Booklet BL-20 
Mailed Without Obligation 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 
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3.4-inch diameter Unitized 


Motors mount at any angle 


96) HIGH-EFFICIENCY 
ca 
@ 

Uitized MOTORS 
SHADED-POLE MOTORS FOR PORTABLE APPLIANCES, 
FANS AND BLOWERS, AND BUSINESS MACHINES 
e May be stud- or band- system requiring only annual 


mounted in any position. reoiling. 
e Highly efficient, quiet, de- © 1550 rpm open motors rated 
pendable, and compact, G-E through 1/15 horsepower; to- 
59-frame Unitized motors 
feature a bearing lubrication millihorsepower. 
*Registered trademark of General Electric Company. 
FREE BULLETIN: For complete technical data 
write to Section 727-05, General Electric Com- 
pany, Schenectady 5, New York. 


Progress /s Our Most Important Product 
GENERAL @ ELECTRIC 
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Allied’s quiet AC operation and hi- 
quality has been achieved through 
a completely new and unique me- 
chanical design, resulting in millions 
of trouble free operations. 


Immediate delivery on standards; 
wide range of variations available. 
For complete information write for 
our new Valve Bulletin. 
FEATURES 
Pressure rating: to 400 psi 

Water flow: to 6 gpm 
Orifice diameter: from 3/64” to 4” 
Coil voltage: for any voltage up to 
220 volts DC or 440 volts AC 


ALLIED CONTROL 


ALLIED CONTROL COMPANY, INC. 
2 East End Avenue, New York 21, N.Y. 


8 .. 








Reliable 


ALTERNATING 
WARNING 
SIGNAL 
CONTROL 

a DRIVEN | FLASHER 











@ FOR SINGLE OR DOUBLE CONTACT AND PREFOCUSED OR 
INDEX LAMPS. 


p Lor SOCKETS @ WITH WIRE LEADS, SOLDER SCREW, OR FLAT “QUICK- 
“ "4 STANDARD DISCONNECT” TYPE TERMINAL CONNECTIONS. 


a @ *WITH BEAVER INTERIORS WHICH PROVIDE A CONTINUOUS 
PREFOCUSED AND SOLID PATH FOR CURRENT. HAS EXTERNAL NON-CURRENT 
CARRYING SPRINGS AND MOLDED BAKELITE INSULATORS. 


@ LENS COLORS IN AMBER, BLUE, CLEAR, GREEN OR RED. 


noieaTOR 
MPS 





WE SPECIALIZE IN pes Gnive 
DEVELOPING AND MANUFAC- PILOT 
TURING PRODUCTS TO CUS- 
TOMER REQUIREMENTS. LAMPS 


i 2506 _ 
20 O10 COLONY AVENUE, BOSTON 27, mass ‘ * BEAVER INTERIORS 
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IDEAS! 


for heavy equipment _. designers WANT BETTER MOTORS 
FOR YOUR PRODUCTS? 


STANDARD 
SHUNT 
AND 
SERIES 
MODELS 











1/35 to 1/10 hp. 


Then switch to Carter 


Looking for new solutions to heavy-duty power problems? Interchangeable with competitive types. Exclusive oon 
This new brochure has full information on heavy-duty features include longer brush life, instrument quality ba bearings 
transmissions with input torque capacities of 150 to in steel sleeved housings, highest quality die-cast construction. 
2500 ft-lb. Included is “idea material” describing: 
® Siandard transmissions customized to each application Fam iis. 6 to 220v. Series Models . . 
® Wide variety of “engineered-to-order” transmissions ; ; 6 to 115v. DC Shunt Models 
@ Specifications (capacities, speeds, gear ratios) for oN 
heavy-duty applications we ; As your specialty motor source, there 
@ Examples of single- speed, multiple-speed and right “ep ; # are no restrictions on modifications, no 
angle drive transmissions long delivery, no minimum orders . . . 














j i i our 
Send coupon for your free copy . . . or see our Catalog | Carter also offers just friendly, personal attention to y 


a line of 45 
—— —— 
| n armotors 
Cotta Transmission Co., 2340 - Ith Street, Rockford, Illinois vit to 1/10 hp. WRITE for prices, specifications, 
Please send my copy of ''Cotta Heavy-Duty Transmissions"' to , OEM discounts. 


Name 


in Sweet's Product Design File today! requirements. 








ae ee Se / scileis © OO pit Use letterhead for special attention. 





Company _ 


Rie || Carter Motor Company 


| 2719 W. George Street + Phone JU 8-7700 + Chicago 18, Illinois 
City — mone, Lncnsilbl Large Enough to Serve You, Small Enough to Want to 
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For more precise 
Flow Control . 
COLORFLOW 
FLOW 
CONTROL 
VALVES 


aN 
\ 


SX 


N 


_ (AX 


Ga “AAA! 


MQ 


ies | 


UE 


.« With 
exclusive color 
and number 
calibrated 
adjustment 


Mi Simple reading, recording, 
setting and adjusting 
@ Safe — adjustable under 
pressure 
* For oil, gas, vacuum, jy Setting can be locked to 
_ Water and other Heide holed adjustment 
Brass to 2000 psi @ Extremely sensitive — pro- 
Steel to 5000 psi vides high flow and mini- 
@ Sizes: %, %, %, % mum pressure drop 


and 3%" dry seal pipe 
threads ‘ Write for detailed literature 


THe MANATROL cle 


Ww 7 
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@ FOR EVERY PURPOSE 
@ STOCKED FOR PROMPT DELIVERY 
@ CUT TO YOUR REQUIREMENTS 


CONTINENTAL FELT COMPANY, since 1905, has been supply- 
ing America’s leading companies with more than 300 grades 
of felt, in wool or synthetics... 

FREE! New, handy booklet “Comparative Properties of Indus- 
trial Felt” shows you immediately which felt to use! Write 
for your copy today! 


CONTINENTAL E Exdu ld COMPANY 
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Hydraulic Cylinders 


@ Specific Adaptations 
e@ Application Engineering 


e Basic Designs 
e@ Superior Quality 


BHEW SINGLE-ACTING GENERAL-PURPOSE CYLIN- 
DERS (1500 PSI DISPLACEMENT — RAM — STYLE 
SERIES) are designed around standard components 
but custom-built to suit your application. They’re 
available in a variety of mountings (pin eye is 
standard) with adjustable or non-adjustable rod 
ends, with or without rod ends. 

¢ Self-adjusting ‘‘U’’ cup seal on pistons « Self- 

scdlusting rod wipers « Honed steel barrel, high- 

tensile, hard chrome-plated rod ends « Packings 


available for extreme ~~ and low temperatures and 
most non-inflammable fluids. 


Production parts save you money, do the job 
better! BHEW basic cylinders can easily be 
modified to fit your specific pre ict applica- 
tions. You benefit from production economies; 
you get custom-built cylinders. 


Let’s discuss your design and application 
problems — 

FREE! 

Write today for Hydraulic Cylinder Engineering Reference 


Data — 78 dimensional basic designs for general — and 
special-purpose double-acting cylinders. SAVE TIME. 


BENTON HARBOR ENGINEERING WORKS, INC. 
622 Langley Avenue St. Joseph, Michigan 
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BAR X SEALS EVERYTHING 


AT TEMPERATURES FROM —400°F TO +1500°F! 
ANY FLUID—GAS—FUELS—WATER—LIQUID METALS—CRYOGENIC FLUIDS—CORROSIVE FLUIDS 
ANY SYSTEM—HYDRAULIC— PNEUMATIC — VACUUM — CRYOGENIC — NUCLEAR 


3” TO 12” SPECIAL 


NO CATASTROPHIC FAILURES 
INFINITE STORAGE LIFE 
| UNPRECEDENTED SERVICE LIFE 
Eliminates critical downtime ™ Very high and very low pressure 
m@ Easy, foolproof installation (not a mechanism) @ All-metal— 
non-contaminating ™ Stable, symmetrical design 
| WRITE TODAY FOR THE FULL STORY! SALES ENGINEERS IN PRINCIPAL CITIES. 


Wiggins 
E. B. WIGGINS OIL TOOL CO., INC., Dept. F1 


3424 E. Olympic Bivd., Los Angeles 23, Calif. 
TWX 1403U, Phone AN 9-0181 
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BINARY OPERATED READOUT] | EMT INT hay yaa) 


Operates Direct —No Buffers _ SELECTOR 


Pesci Mae DRIVES and SHEAVES 


ADJUSTABLE 
MOTOR BASE 


A most efficient and ac- 
curate variable speed drive— 
¥% hp. to 10 hp. Low cost, easily 


; , ¢ We installed, little or no maintenance. 
Self-Decoding Check its many advantages! 


Alpha-Numeric Readout Write for Bulletin No. 95 
Price Complete from $50.00 | iahat VARI-PITCH SHEAVES 


' can give your machines wide- 

ae scone equipment into computers, teletype, sdngocpendcontvalentnedeonters 

“el —ratios up to 8:1— capacities 

from %4 hp. to 10 hp. Used by 

many industries in a variety of 

applications. Rugged, efficient, 
economical, simple to use. 


Write for Bulletin No. 80 


tion, low power (10 milliwatts), 
J og does own anit and 





P.O. BOX 312-B » CHAGRIN FALLS, OHIO 
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Designer’s Fact File 


from DENISON NEW INDICATING 


| TEMPERATURE CONTROL 
Fe eee. Range Limits —100 to +600'F git 








New vane-type fluid 

motors for service up 

to 2000 psi, 2000 rpm, 

75 hp. Compact, light- 

weight units—1114,” 

long x 6%” square. 

Weight under 75 lbs. 

Symmetrically bal- 

anced vanes and rotor 

for high efficiency, low wear. Floating cartridge 
design. Five sizes in new “M1D” Series. Maximum 
theoretical torques from 1249 to 2345 lb.-in. at 
2000 psi. Built for SAE requirements. 


Write for full details in Bulletin FMV-1 


DENISON ENGINEERING DIVISION 
American Brake Shoe Co. 
1240 Dublin Road e Columbus 16, Ohio 











maximum accuracy at low cost! 


HYDRAULIC PRESSES : ; 
PUMPS e MOTORS e CONTROLS DENISON The UE Type E6SN control is offered in basic skeleton 
Denison and Denison HydrOILics are registered dnOll ica form so that it may be easily incorporated, or designed 


trademarks of Denison Eng. Div., ABSCO into equipment, without the need and “oye of an en- 
closure. Enclosures, however, are available upon speci- 

ee fication. Setting and indication are clearly visible on a 
MAYLINE single scale allowing easy reference between the set- 
ting and controlling temperatures. Ideal for incubators, 
centrifuges, oxygen tents, sterilizers, and other appli- 
o8.e cations where it is necessary to control and indicate 
Tilting temperature of gases, liquids and hot plates. 


Temperature Ranges A wide variety of scales between 
Action — 100 & +600°F. 

Thermal Assemblies Standard 4° capillary with several 
bulb styles and sizes. 
Completely Operation Liquid filled bellows assembly ex- 

pands or contracts with heating 
or cooling thus actuating a snap- 


Balanced! acting electrical switch at desired 


control point. 
Switch Ratings 15 amps 115/230 volts AC. DC 
: : and other special switches avail- 
Adjustable springs on the tilting quadrants of the May- able. 
line Desk-O-Matic and May-O-Matic drafting tables give Switch Actions Normally closed; normally open; 
the draftsman a constant smooth change in angle position | and double throw, no neutral 
of the drafting top, despite any accessories that might - . = 
have been added to the top edge. Electrical Connections Lead wires attached to terminal 
on switch. 
5 — — 
For additional information on this important top tilt con- Size & Weight 1 Ib; scale plate 41" wide. 
trol factor, inquire of your local dealer or write to fac- Variations Design variations available on re- 
tory. All inquiries answered promptly. os: 
UNITED ELECTRIC manufactures a complete line of tem- 
perature, pressure and vacuum controls. For applica- 
tion requiring custom-built units or modified standard 
units, call upon a UE application engineer for recom- 
on lie mendations. Request Type E65N Design Catalog Sheet 

MAYLINE C0 INC ieee ae ; for complete specification and pricing data and for 

- - ea = information regarding other United Electric tempera- 
601 No. Commerce St. ture controls. 
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Sheboygan, Wisconsin 


MAY-O-MATIC “E’ COMBINATION 


United Electric Controls 
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TiARRICK ENGINEERS 


Mae tischods Tyce 1 AVAILABLE OR WANTED 


LIQUID LEVEL CONTROLS 
give you all these advantages! 
2s WANTED: Exceptional opportunity for engineer (B.S.M.E. 


No moving parts in the minimum) with several years machine design board experi- 
liquid @ Easy to install ence interested in design and development of complex 
@ No adjustments neces- production machinery. Will handle special projects for cen- 
sary @ Unaffected by acids tral design section of leading national multiplant organiza- 
or caustics @ Unaffected by tion. Will not do board work. To start three month in-plant 
pressure or temperature e training program. Located near Milwaukee, Wisconsin. Our 
Standard 2&3 pole units employees know of this ad. Please send complete resume 
listed by U/L and starting salary to Box 995, MACHINE DESIGN, 1213 
West Third Street, Cleveland 13, Ohio. 
Write for 32-page 


Catalog which gives 
complete specifications 





Two pole control shown at left 


WANTED: Supervisory Machine Design ms ag minimum 
of ten years machine design and responsible supervisory 
YOU CAN USE OUR CONTROLS FOR: experience required. Paper converting or paper box back- 
@ Single & multiple pumps ¢ Sewage & waterworks ground desirable. Company established approximately sixty 
@ Motor & solenoid valves © Chemical Industries years ago, has had unusual growth; is located in Southeast 
h . with branches in all sections of the U. S. Company is re- 

@ High & low cutoffs @ Food & Dairy Industries ‘abl - ae all S relati 
& alarms © OEM applications liable, progressive an as excellent personnel relations. 
2 PP Salary open depending on qualifications. Reply to Box 
Special controls to custom requirements 996, MACHINE DESIGN, 1213 West Third Street, Cleveland 


CHARLES F. WARRICK CO. 13. Ohio. 


1964 W. Eleven Mile Road, Berkley, Michigan 
Dep't 7 Telephone JOrdan 4-6667 














Circle 308 on Page 19 








BASIC ENGINEERING HELP FROM 


PD YSSTEN] ror venicte DESIGNERS ONLY 


MOBILITY OF FRICTION-CLUTCH 
CROSS-COUNTRY VEHICLES TRANSMISSIONS 


A series of articles presenting up-to-date design data eee ae ae a 
and mathematical methods for analyzing off-the-road caspian’ acer 


locomotion of vehicles. application of friction clutches to 


Matching vehicle design to reliably join power transmission ele- 
@ soil characteristics 
© thrust ments. Parameters for the balance of 
® flotation 
® motion resistance 
® track and wheel requirements design stage, are presented in this 
® optimum loads 

are the relationships covered in the booklet. four-part series. 


$1.00 a copy $1.00 a copy 


complete transmission systems, in the 











MACHINE DESIGN Remittance or Company Purchase Order must be enclosed with order. 
Penton Building 
Cleveland 13, Ohio NAME 
Please send me_______copies of 
COMPANY 
“Mobility of Cross-Country Vehicles” 
Please send me ____copies of ADORESS 
“Friction-Clutch Transmissions” city ZONE STATE 
(Add 3% to orders for delivery in Ohio to cover State Sales Tax) 
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Wisconsin Motor Corporation 

Wooster Division, Borg-Warner Corporation .. 


Engineers Available or Wanted 
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—Adjustable-Tees Drives 


Those of us who have blamed variation in 
heights of tees for our bad drives will have 
to find another excuse. They’ve gone and 
built a tee that holds the ball at exactly the 
same height every time. Furthermore, it’s ad- 
justable to any one of four positions. Each 


tee comes with a collar which the user slips 
on the notched shaft and secures at the desired 
spot by a quarter turn. These precision tees 
are molded of Tenite butyrate plastic supplied 
by Eastman Chemical Products Inc. They 
are made by Returno Golf Co. Inc., North 
Bellmore, L. L, N. Y., and sold (eight for a 
quarter) at sporting goods stores. 


—Tenderloins and Technology 


Scientific advances in the Soviet Union have 
wrought a change in the people’s eating habits. 
There are more steaks, roasts, and other cuts 
of meat on the table—not because progress has 
raised the standard of living, but because farm- 
ing has been made more efficient with the use 
of tractors instead of horses. The government, 
recognizing that Old Dobbinsky is no longer 
needed to pull the plow, suggests putting him 
on the platter, and large quantities of horse 
meat have been made available. 

The U. S., incidentally, is way behind the 
U.S.S.R. in the horse meat race. In Russia, 
annual consumption is 400 million pounds. We 
use only 50 million pounds a year, and most 
of it is fed to our capitalistic canines. 


—Maybe Ivan Can’t Write? 


Since technical literature is usually pro- 
duced at a rate corresponding to technical 
developments, it might be expected that our 
horse-eating friends are well represented in 
this literary area. Such is not the case, ac- 
cording to a survey of the languages in which 
scientific reports are published. An item in 
the New York Times says that about 50 per 
cent of scientific reports published and made 
available for world distribution appear first 
in English, and only 16 per cent originate in 
Russian. One reason for the unbalance may 
be, of course, that the survey was limited to 
data offered to the rest of the world. 


—A Pretty Penny 


Through a miracle of modern alchemy, you 
can turn aluminum into copper or—if fortune 
smiles upon you—some valuable pieces of 
paper. Two catalysts are required: Your in- 
genuity and the Kaiser Aluminum & Chemical 
Corp., which is sponsoring a contest to find 
outstanding designs using aluminum extrusions. 
All ideas—used by your company, rejected by 
same, on the drawing board, in your head— 
make acceptable entries to the “Penny for Your 
Thoughts” contest. 

A bright, new penny will be sent to every 
entrant. One will also receive $2500; another, 
$1000; and five more, $100 each. Resides your 
idea, you'll need an official entry blank. One 
of these, along with rules, details, and even 
clues, can be obtained by turning to Page 60, 
of the June 22 issue, Page 68 of the July 6 issue, 
or Page 66 of the July 20 issue of MacHINE 
Desicn. The contest closes August 31. 


—Controls and More Controls 


If you follow our listing of available Ma- 
CHINE Desicn reprints and books, you will 
have noticed an addition in this issue (Page 
162). It’s “AC Motor Control,” and it consists 
of the recent series of six articles by Messrs. 
Wickey and Newman. Send for your copy now 
so you can start saving for a reprint on dc 
controls when the current series (see Page 118) 
is made available in this form. 
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A series of 
unique articles 


outlining — 
the steps in. . 


This 102 page volume 
includes practical data on: 


a Measuring company needs 
in new-product development 


Developing and finding new-product ideas 
Evaluating new-product potentials 
Organizing engineering and research for product development 


Measuring progress in product performance 


This collection of 17 helpful articles details 
the necessary steps to the development 
and engineering of new products. Written 
by Dr. Philip Marvin, well-known man- 
agement authority, this book is “required 
reading” for every engineer responsible Reader Service, Penton Building, Cleveland 13, Ohio 
for the development of new product ideas (Remittance or Company Purchase Order must be enclosed with order.) 
or the operation of a research program. ; 


Send me____ copies of 


A 
Planning New Products @ $3.00 each 


NAME 





COMPANY 





ADDRESS 





REPRINT 


MAI L TODAY— é ZONE STATE 


(Add 3% to orders for delivery in Ohio to cover State Sales Tax.) 
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HITACHI 
NO.2 ML MILLING MACHINES 


Vibration Damping Device 

Due to a vibration damping device of 
Hitachi's exclusive design contained 
within the over-arm, minimum vibration 
will be set up even during higher 
speeds and feeds operation, so that an 
excellent finished surface is obtained. 


New-Type Arbor Support Bearing 
Hitachi's unique super precision-type 
bearing, a combination of plain metal 
and needle bearing, is incorporated 
into the machine to enable high speed 
cutting with high precision results. 


Mono-Lever Control System 
Hitachi's unique Mono-lever Con- 
trol System makes the operation 
simple and easy. Table-feeding too 
can be performed with ease. 


Backlash Eliminator of Lead 
Screw 

As the use of two independent 
nuts eliminates backlash on the 
table feed screw, smooth 
down-cutting can be effected. 


.2ML Plain Milling Machine 


SPECIFICATIONS : 


@ 53 1/8”X10 1/16” Table @ 16 Table Feeds 1/16” — 78 3/4”/min. 
@ 28” Longitudinal Traverse @ 16 Spindle Speeds 25 — 1,500 r.p.m. 
@ 7.5 h.p. Main Motor 


Ltd. 


Tokys Japon 
Cable Address: “HITACHY” TOKYO 








Circle 310 on Page 19 








BOSTON... QUALITY 
time-proved REDUCTOR’‘and RATIOMOTOR ’ reliability 
largest selection for worm-geared drives from stock 


Horizontal or vertical, right angle or parallel, single or double reduction. 
Reductors - for .10 to 15 HP drives - ratios 1:1 to 3600:1. 
Ratiomotors - .035 to 10 HP - output torque 4 to 9400 in. lbs. 
Detachable motor design. Motor can be changed in minutes. 
Ratiomotors sold also without motors as Flanged Reductors. 

1605 stock sizes, types, ratios. See Catalog 57 for complete listings. 
IN STOCK at your nearby DISTRIBUTOR 


FLA Ut we 


Boston Gear Works, 196] 
Circle 202 on Page 19 Quincy 71, Mass, 





How 
to 
take 

a 
picture 
seven 


miles 


These men are raising from the ocean 
bottom an underwater camera made by 
Edgerton, Germeshausen and Grier, Inc. 


deep 


Actually this plunge was only a shallow dip of one mile. 
The camera is fully capable of exploring and photograph- 
ing the Marianas Trench, the deepest known spot in the 
ocean. The camera has been tested for depths of 48,000 
feet with forces of 11 tons per square inch. 


To specify steel that would protect the vital elements of 


the camera against pressure like this, the designers consulted 
metallurgists of The Timken Roller Bearing Company. 
In addition to withstanding terrific pressure, the steel had 
to be easy to machine to permit the tolerances and finish 
required for effective sealing. After study, Timken® 52100 
seamless steel tubing was recommended—a high-carbon, 
low-chromium alloy steel frequently used in anti-friction 


bearing races. Under test, this tubing showed it could take 

any pressure the camera might face in the deepest oceans. 
Timken Company metallurgists are old hands at find- 

ing steels that do the job with a minimum of expense 

and production problems. They’ve been solving tough 

steel problems for industry for over 45 years. The 

Timken Roller Bearing Company, Steel and Tube 

Division, Can- 

ton 6, Ohio. 

Cable address: 

“TIMROSCO”, 

Makers of Ta- 

pered Roiler Bear- 

ings, Fine Alloy 

Steel and Remov- 

able Rock Bits. 


Circle 203 on Page 19 
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